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CORYNEBACTERIUM GLUTAi\nCUM Gn^^S ENCOOTNG REGULATORY 

PROTEINS 

Background of the Tpvegtion 

5 Certain products and by-products of naturally-occurring metabolic processes in 

cells have utility in a wide array of industries, including the food, feed, cosmetics, and 
pharmaceutical industries. These molecules, collectively termed Tine chemicals', 
include organic acids, both proteinogenic and non-proteinogenic amino acids, 
nucleotides and nucleosides, lipids and fatty acids, diols, carbohydrates, aromatic 

10 compounds, vitamins and cofactors, and enzymes. Their production is most 

conveniently performed through the large-scale culture of bacteria developed to produce 
and secrete large quantities of one or more desired molecules. One particularly useful 
^ , organism for this purpose is Coryne bacterium glutamicum. a gram positive. 

nonpathogenic bacterium. Through strain selection, a number of mutant strains have 

1 5 been developed which produce an array of desirable compounds. However, selection of 
strains improved for the production of a particular molecule is a time-consuming and 
difficult process- 

Summary of the Invention 

20 This invention provides novel nucleic acid molecules which may be used to 

identify or classify Corynebacterium glutamicum or related species of bactena. C 
gtutamicum is a gram positi^^-e, aerobic bacterium which is commonly used in industry 
for the large-scale production of a variety of fine chemicals, and also for the degradation 
of hydrocarbons (such as in petroleum spills) and for the oxidation of terpenoids. The 
25 nucleic acid molecules therefore can be used to identify microorganisms which can be 
used to produce fine chemicals, e.g.. by fermentation processes. While C glutamicum 
itself Is nonpathogenic, it is related to other Corynebacterium species, such as 
Corynehacleriwn diphtheriae (the causative agent of diphtheria), which are important 
human pathogens. The ability to identify the presence of Cotynebacterium species 
30 therefore also can have significant clinical relevance, e.g.. diagnostic applications. 

Further, these nucleic acid molecules may serve as reference points for the mapping of 
the C glutamicum genome, or of genomes of related organisms. 

These novel nucleic acid molecules encode proteins, referred to herein as 
metabolic regulatory (MR) proteins. These MR proteins are capable of, for example, 
35 performing a function involved in the transcriptionaK translational. or posttranslational 
regulation of proteins important for the normal metabolic functioning of cells. Given the 
availability of cloning vectors for use in Corynebacterium glutamicum^ such as those 
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disclosed in Sinskcy et al., U.S. Patent No. 4,649,1 1 9, and techniques for genetic 
manipulation of C glutawicum and the related Brevi bacterium species (e.g- 
lactofermemum) (Yoshihama et aU J Bacieriol. 162: 591-597 (1985); Katsumataet al.. 
./. Bacterial. 159: 306-3 1 1 (1984); and Santamaria et al., J. Gen. Microbiol. 130: 2237- 
5 2246 ( 1 984)). the nucleic acid molecules of the invention may be utilized in the genetic 
engineering of this organism to make it a better or more efficient producer of one or 
more fine chemicals. 

This; improved yield, production and/or efDciency of production of a fine 
chemical may be due to a direct effect of manipulation of a gene of the invention, or it 
1 0 may be due to an indirect effect of such manipulation. Specifically, alterations in C 
glutamicum MR proteins which normally regulate the yield, production and/or 
efficiency of production of a fine chemical metabolic pathways may have a direct 
''^y impact on the overall production or rate of production of one or more of these desired 
compounds from this organism. Alterations in the proteins involved in these metabolic 
1 5 pathways may also have an indirect impact on the yield, production and/or efficiency of 
production of a desired fine chemical. Regulation of metabolism is necessarily 
complex, and the regulatory mechanisms governing different pathways may intersect at 
multiple points such that more than one pathway can be rapidly adjusted in accordance 
with a particular cellular event. This enables the modification of a regulatory protein for 
20 one pathway to have an impact on the regulation of many other pathways a.<; well, some 
of which may be involved in the biosynthesis or degradation of a desired fine chemical. 
In this indirect fashion, the modulation of action of an MR protein may have an impact 
on the production of a fine chemical produced by a pathway different from one which 
that MR protein directly regulates. 
25 The nucleic acid and protein molecules of the invention may be utilized to 

directly ijnprove the yield, production, and/or efficiency of production of one or more 
desired fine chemicals from Coryyiebacterium glutamicum. Using recombinant genetic 
techniques well known in the art, one or more of the regulatory proteins of the invention 
may be manipulated such that its function is modulated. For example, the mutation of an 
30 MR protein involved in the repression of transcription of a gene encoding an enzyme 
which is required for the biosynthesis of an amino acid such that it no longer is able to 
rcptess transcription may result in an increase in production of that amino acid. 
Similarly, the alteration of activity of an MR protein resulting in increased translation or 
activating posttranslattonal modification of a C glutamicum protein involved in the 
35 biosynthesis of a desired fine chemical may in turn increase the production of that 

chemical. The opposite situation may also be of benefit: by increasing the repression of 
• transcription or translation, or by posttranslational negative modification of a C. 
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glutamfcunt protein involved in the regulation of a degradative pathway for a compound, 
one may increase the production of this chemical. In each case, the overall yield or rate 
of production of the desired fine chemical may be increased. 

It is also possible that such alterations in the protein and nucleotide molecules of 
5 the invention may improve the yield, production, and/or efficiency of production of fine 
chemicals through indirect mechanisms. The metabolism of any one compound is 
necessarily intertwined with other biosynthetic and degradative pathways within the cell, 
and necessaty cofactors, intermediates, or substrates in one pathway are likely supplied 
or limited by another such pathway. Therefore, by modulating the activity of one or 

10 more of the regulatory proteins of the invention, the production or efficiency of activity 
of another fine chemical biosynthetic or degradative pathway may be impacted. Further, 
the manipulation of one or more regulatory proteins may increase the overall ability of 
lik the cell to grow and multiply in culture, particularly in large-scale fermentative culture. 

where growth conditions may be suboptimal. Fot example, by mutating an MR protein 

1 5 of the invention which would normally cause a repression in the biosynthesis of 
nucleotides in response to suboptimal extracellular supplies of nutrients (thereby 
preventing cell division) such that it is decreased in repressor ability, one may increase 
the biosynthesis of nucleotides and perhaps increase cell division. Changes in MR 
proteins which result in increased cell growth and division in culture may result in an 

20 increase in yield, production, and/or efficiency of production of one or more desired fine 
chemicals from the culture, due at least to the increased number of cells producing the 
chemical in the culture. 

The invention provides novel nucleic acid molecules which encode proteins, 
referred to herein as metabolic pathway proteins (MR), vvhich are capable of, for 
^ 25 example, performing an enzymatic step involved in the transcriptional, translational, or 
pi) po.<rttranslational regulation of metabolic pathways in C. glutamicunt. Nucleic acid 

molecules encoding an MR protein are referred to herein as MR nucleic acid molecules. 
Tn a preferred embodiment, the MR protein participates in the transcriptional, 
translational. or posttranslational regulation of one or more metabolic pathways. 

30 Examples of such proteins include those encoded by the genes set forth in Table 1 . 

Accordingly, one aspect of the invention pertains to isolated nucleic acid 
molecules (e.g., cDNAs) comprising a nucleotide sequence encoding an MR protein or 
biological ly active portions thereof, as well as nucleic acid fragments suitable as primers 
or hybridization probes for the detection or amplification of MR-encoding nucleic acid 

35 (e.g., DNA or mRKA). In particularly preferred embodiments, the isolated nucleic acid 
molecule comprises one of the nucleotide sequences set forth in Appendix A or the 
coding region or a complement thereof of one of these nucleotide sequences. In other 
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particularly preferred embodiments, the isolated nucleic acid molecule of the invention 
comprises a nucleotide sequence which hybridizes to or is at least about 50%, preferably 
at least about 60%. more preferably at least about 70%, 80% or 90%, and even more 
preferably at least about 95%. 96%. 97%, 98%, 99% or more homologous to a 
nucleotide sequence set forth in Appendix A, or a portion thereof, in other preferred 
embodiments, the isolated nucleic acid molecule encodes one of the amino acid 
sequences set forth in Appendix B. The preferred MR proteins of the present invention 
also preferably possess at least one of the MR activities described herein. 

In another embodiment, the isolated nucleic acid molecule encodes a protein or 
portion thereof wherein the protein or portion thereof includes an amino acid sequence 
which is sufficiently homologous to an amino acid sequence of Appendix B, e.g.. 
^ sufficiently homologous to an amino acid sequence of Appendix B such that the protein 

% or portion thereof maintains an MR activity. Preferably, the protein or portion thereof 
^ encoded by the nucleic acid molecule maintains the ability to transcriptionally, 
1 5 translationally, or posttranslationally regulate a metabolic pathway in C glutamicum. 
In one embodiment, the protein encoded by the nucleic acid molecule is at least about 
50%, preferably at least about 60%. and more preferably at least about 70%. 80%. or 
90% and most preferably at least about 95%. 96%, 97%. 98%, or 99% or more 
homologous to an amino acid sequence of Appendix B (e.g.. an entire amino acid 
20 sequence selected from those sequences set forth in Appendix B). In another preferred 
embodiment, the protein is a full length C. glutamicum protein which is substantially 
homologous to an entire amino acid sequence of Appendix B (encoded by an open 
reading frame shown in Appendix A). 

In another preferred embodiment, the isolated nucleic acid molecule is derived 
V, . 25 from C glutamicum and encodes a protein (e.g.. an MR fusion protein) which includes a 
% biologically active domain which is at least about 50% or more homologous to one of 

" the amino acid sequences of Appendix B and is able to transcriptionally, translational ly, 

or posttranslationally regulate a metabolic pathway in C glutamicum, or has one or 
more of the activities set forth in Table L and which also includes heterologous nucleic 
30 acid sequences encoding a heterologous polypeptide or regulatory regions. 

In another embodiment, the isolated nucleic acid molecule is at least 1 5 
nucleotides in length and hybridizes under stringent conditions to a nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. Preferably, the iso ated 
nucleic acid molecule corresponds to a naturally-occurring nucleic acid molecule. More 
preferably, the isolated micleic acid encodes a naturally-occuning C. glutamicum MR 
protein, or a biologically active portion thereof 



35 
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Another aspect of the invention pertains to vectors, e.g., recombinant expression 
vectors, containing the nucleic acid molecules of the invention, and host cells into which 
such vectors have been introduced. In one embodiment, such a host cell is used to 
produce an MR protein by culturing the host cell in a suitable medium. The MR protein 
5 can be then isolated from the medium or the host cell. 

Yet another aspect of the invention pertains to a genetically altered 
microorganism in which an MR gene has been introduced or altered. In one 
embodiment the genome of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding wild-type or mutated MR sequence as a 

10 transgene. In another embodiment, an endogenous MR gene within the genome of the 
microorganism has been altered e.g., functionally disrupted, by homologous 
recombination with an altered MR gene. In a preferred embodiment, the microorganism 
belongs to the genus Corynebacterium or Bre^ibacterium. with Corynebacterium 
glutomfcvm being particularly preferred. In a preferred embodiment, the microorganism 

1 5 is also utilized for the production of a desired compound, such as an amino acid, with 
lysine being particularly preferred. 

Still another aspect of the invention pertains to an isolated MR protein or a 
portion, e.g.. a biologically active portion, thereof. In a preferred embodiment, the 
isolated MR protein or portion thereof transcriptionally, translationally, or 

20 posttranslationally regulates one or more metabolic pathways in C glutamicum. In 

another preferred embodiment, the isolated MR protein or portion thereof is sufficiently 
homologous to an amino acid sequence of Appendix B such that the protein or portion 
thereof maintains the ability to transcriptionally, translationally, or posttranslationally 
regulate one or more metabolic pathways in C glutamicum, 

25 The invention also provides an isolated preparation of an MR protein. In 

preferred embodiments, the MR protein coropHses an amino acid sequence of Appendix 
B. In another preferred embodiment, the invention pertains to an isolated full length 
protein which is substantially homologous to an entire amino acid sequence of Appendix 
B (encoded by an open reading frame set forth in Appendix A). In yet another 

30 embodiment, the protein is at least about 50%, preferably at least about 60%. and more 
preferably at least about 70%. 80%. or 90%, and most preferably at least about 95%, 
96%, 97%, 98%. or 99% or more homologous to an entire amino acid sequence of 
Appendix B. In other embodiments, the isolated MR protein comprises an amino acid 
sequence which is at least about 50% or more homologous to one of the amino acid 

3 5 sequences of Appendix B and is able to transcriptionally, translationally , or 

posttranslationally regulate one or more metabolic pathways in C. glutamicum. or has 
one or more of the activities set forth in Table 1 . 
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Altemativcly. the isolated MR protein can comprise an amino acid sequence 
which is encoded by a nucleotide sequence which hybridizes, e.g., hybridizes under 
stringent conditions, or is at least about 50%. preferably at least about 60%, more 
preferably at least about 70%, 80%, or 90%, and even more preferably at least about 
5 95%. 96%. 97%. 98.%, or 99% or more homologous, to a nucleotide sequence of 

Appendix B. Tt is also preferred that the preferred forms of MR proteins also have one 
or more of the MR bioactivities described herein. 

The MR polypeptide, or a biologically active portion thereof, can be operatively 
linked to a non-MR polypeptide to form a fusion protein. In preferred embodiments. 
1 0 this fiision protein has an activity which differs from that of the MR protein alone. In 
other preferred embodiments, this fusion protein transcriptionally, translationally. or 
^ posttranslationally regulates one or more metabolic pathways in C glutamicum. In 
• particularly preferred embodiments- integration of this fusion protein into a host cell 
modulates production of a desired compound from the cell. 
1 5 Another aspect of the invention pertains to a method for producing a fine 

chemical. This method involves the culturing of a cell containing a vector directing the 
expression of an MR nucleic acid molecule of the invention, such that a fine chemical is 
produced. In a preferred embodiment this method further includes the step of obtaining 
a cell containing such a vector, in which a cell is transfected with a vector directing the 
20 expression of an MR nucleic acid. In another preferred embodiment, this method further 
includes the step of recovering the fine chemical from the culture. In a particularly 
preferred embodiment, the cell is from the genus Corynebacterium or Brevihacierium. 
or is selected from those strains set forth in Table 3. 

Another aspect of the invention pertains to methods for modulating production of 
p\ 25 a molecule from a microorganism. Such methods include contacting the cell with an 
agent which modulates MR protein activity or MR nucleic acid expression such that a 
cell associated activity is altered relative to this same activity in the absence of the 
agent. In a preferred embodiment, the cell is modulated for one or more C. glutamicum 
metabolic pathway regulatory systems, such that the yields or rate of production of a 
30 desired fine chemical by this microorganism is improved. The agent which modulates 
MR protein activity can be an agent which stimulates MR protein activity or MR nucleic 
acid expression. Examples of agents which stimulate MR protein activity or MR nucleic 
acid expression include small molecules, active MR proteins, and nucleic acids encoding 
MR proteins that have been introduced into the cell. Examples of agents which inhibit 
35 MR activity or expression include small molecules and antisense MR nucleic acid 
molecules. 
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Another aspect of the invention pertains to methods for modulating yields of a 
desired compound from a cell, involving the introduction of a ^vild-t>'pe or mutant MR 
gene into a cell, either maintained on a separate plasmid or integrated into the genome of 
the host cell. If integrated into the genome, such integration can be random, or it can 

5 take place by homologous recombination such that the native gene is replaced by the 
introduced copy, causing the production of the desired compound from the cell to be 
modulated. In a preferred embodiment, said yields are increased. In another preferred 
embodiment, said chemical \<> a fine chemical . In a particularly preferred embodiment, 
said fine chemical is an amino acid. In especially preferred embodiments, said amino 

10 acid is L-lysine. 

Detailed Description of the Inventioo 

The present invention provides MR nucleic acid and protein molecules which are 
involved in the regulation of metabolism in Corynehaclerivm glutamicum, including 

1 5 regulation of fine chemical metabolism. The molecules of the invention may be utilized 
in the modulation of production of fine chemicals from microorganisms, such as C 
glutamicum, either directly (e.g., where modulation of the activity of a lysine 
biosynthesis regulatory protein has a direct impact on the yield, production, and/or 
efficiency of production of lysine from that organism), or an indirect impact which 

20 nonetheless results in an increase in yield, production, and/or efficiency of production of 
the desired compound (e.g.. where modulation of the regulation of a nucleotide 
biosynthesis protein has an impact on the production of an organic acid or a fatty acid 
from the bacterium, perhaps due to concomitant regulatory alterations in the 
biosynthetic or degradation pathways for these chemicals in response to the altered 

25 regulation of nucleotide biosynthesis). Aspects of the invention are further explicated 
bclo-w. 

I Fine Chemicals 

The term 'fine chemical' is art-recognized and includes molecules produced by 

30 an organism which have applications in various industries, such as, but not limited to, 
the phannaccutical, agriculture, and cosmetics industries. Such compounds include 
organic acids, such as tartaric acid, itaconic acid, and diaminopimelic acid, both 
proteinogenic and non-proteinogenic amino acids, purine and pyrimidine bases, 
nucleosides, and nucleotides (as described e.g. in Kuninaka. A. (1996) Nucleotides and 

35 related compounds, p. 561-612, in Biotechnology vol. 6, Rchm et al., eds- VCH: 

Weinheim, and references contained therein), lipids, both saturated and unsaturated fatty 
acids (e.g.. arachidonic acid), diols (e.g., propane diol. and butane diol), carbohydrates 



-8- 



(e.g.. hyaluronic acid and trehalose), aromatic compounds (e.g.. aromatic amines, 
vanillin, and indigo), vitamins and cofactors (as described in Ullmann's Encyclopedia of 
Indnstrial Chemistry, vol. A27, "Vitamins", p. 443-613 (1996) VCH: Weinheim and 
references therein: and Ong. A.S., Niki, E. & Packer, L. (1995) "Niatrition. Lipids. 

5 Health, and Disease" Proceedings of the UNESCO/Confederation of Scientific and 
Technological Associations in Malaysia, and the Society for Free Radical Research - 
Asia, held Sept. 1-3. 1 994 at Penang, Malaysia, AOCS Press, (1995)), enzymes, and all 
other chemicals described in Gutcho (1983) Chemicals by Fermentation. Noyes Data 
Corporation. ISBN: 08 1 8805086 and references therein. The metabolism and uses of 

1 0 certain of these fine chemicals arc further explicated below. 

A. Amino Acid Metabof ism and Uses 

Amino acids comprise the basic structural units of all proteins, and as such axe 
essential for normal cellular functioning in all organisms. The term "amino acid" is art- 

1 5 recognized. The proteinogenic amino acids, of which there are 20 species, serve as 
structural units for proteins, in which they are linked by peptide bonds, while the 
nonproteinogenic amino acids (hundreds of which are known) are not normally found in 
proteins (see Ulmann's Encyclopedia of Industrial Chemistry, vol. A2, p. 57-97 VCH: 
Weinheim (1 985)). Amino acids may be in the D- or L- optical configuration, though L- 

20 amino acids are generally the only type found in naturally-occurring proteins. 

Biosynthetic and degradative pathways of each of the 20 proteinogenic amino acids 
have been well characterized in both prokaryotic and eukaryotic cells (see. for example. 
Stryer. L. Biochemistiy. 3"' edition, pages 578-590 (1988)). The 'essential' amino acids 
(histidine. isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan. 

25 and valine), so named because they are generally a nutritional requirement due to the 

complexity of their biosynthesis, are readily converted by simple biosynthetic pathways 
to the remaining 1 1 'nonessential" amino acids (alanine, arginine. asparagine, aspartate, 
cysteine, glutamate. glutamine. glycine, proline, serine, and tyrosine). Higher animals 
do retain the ability to synthesize some of these amino acids, but the essential amino 

30 acids must be supplied from the diet in order for norma! protein synthesis to occur. 

Aside ftom their function in protein biosynthesis, these amino acids are 
interesting chemicals in their own right, and many have been found to have various 
applications in the food, feed, chemical, cosmerics, agriculture, and pharmaceutical 
industries. Lysine is an important amino acid in the nutrition not only of humans, but 
35 also of monogastric animals such as poultry and swine. Glutamate is most commonly 
used as a flavor additive (mono-sodium glutamate, MSG) and is widely used throughout 
the food industry, as arc aspartate, phenylalanine, glycine, and cysteine. Glycine. L- 
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methionine and tryptophan arc all utilized in the pharmaceutical industry. Glutaroine. 
valine, leucine, isoleucine, histidine. arginine. proline, serine and alanine are of use in 
both the pharmaceutical and cosmetics industries. Threonine, tryptophan, and D' L- 
methionine are common feed additives. (Leuchtenberger. W. (1996) Amino aids - 
5 technical production and use, p. 466-502 in Rehm et aJ. Ceds.) Biotechnology vol. 6. 
chapter 14a, VCH: Weinheim). Additionally, these amino acids have been found to be 
useful as precursors for the synthesis of s>-nthetic amino acids and proteins, such as N- 
acetylcysteine. S-carboxymethyl-L-cysteine. (S)-5-hydroxytryptophan, and others 
described in Ulmann's Encyclopedia of Industrial Chemistry, vol. A2. p. 57-97, VCH: 

10 Weinheim. 1985. 

The biosynthesis of these natural amino acids in organisms capable of 
producing them, such as bacteria, has been well characterized (for review of bacterial 
amino acid biosynthesis and regulation thereof, sec Umbarger, H.E.(1978) Artn. Rev. 
Biochem. 47: 533-606). Glutamate is synthesized by the reductive amination of a- 
1 5 ketoglutarate. an intermediate in the citric acid cycle. Glutamine. proline, and arginine 
are each subsequently produced from glutamate. The biosynthesis of serine is a three- 
step process beginning vdth 3-phosphoglycerate (an intermediate in glycolysis), arad 
resulting in this amino acid after oxidation, transamination, and hydrolysis steps. Both 
cysteine and glycine are produced from serine; the former by the condensation of 
20 homocysteine with serine, and the latter by the transferal of the side-chain 3-carbon 
atom to tetrahydrofolate. in a reaction catalyzed by serine transhydroxymethylase. 
Phenylalanine, and tyrosine are synthesized from the glycolytic and pentose phosphate 
pathway precursors erythrose 4-phosphate and phosphoenolpyruvate in a 9-step 
biosynthetic pathway that differ only at the final two steps after synthesis of prephenate. 
25 Tryptophan is also produced from these two initial molecules, but its synthesis is an 1 1 - 
step pathway. Tyrosine may also be synthesized from phenylalanine, in a reaction 
catalyzed bv phenylalanine hydroxylase. Alanine, valine, and leucine are all 
biosynthetic products of pymvate. the final product of glycolysis. Aspartate is formed 
from oxaloacctate, an intermediate of the citric acid cycle. Asparagine, methionine, 
30 threonine, and lysine are each produced by the conversion of aspartate. Isoleucine is 
formed from threonine. A complex 9-step pathway results in the production of histidme 
from 5-phosphoribosyl-l -pjTophosphate, an activated sugar. 

Amino acids in excess of the protein synthesis needs of the cell cannot be stored, 
and are instead degraded to provide intermediates for the major metabolic pathways of 
35 the cell (for review see Stryer. L. Biochemistry- 3"- ed. Ch. 21 "Amino Acid Degradanon 
and the Urea Cycle" p. 495-516 (1988)). Although the cell is able to convert unwanted 
amino acids into useflil metabolic intermediates, amino acid production is costly in 
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terms of energy, precursor molecules, and the eazymes necessatr to synthesize thero. 
Thus it is not surprising that amino acid biosynthesis is regulated by feedback inhibition, 
in which the presence of a particular amino acid serves to slow or entirely stop its own 
production (for overview of feedback mechanisms in amino acid biosynthetic pathways, 
see Stryer, L. Biochemistry. 3'" ed. Ch- 24: "Biosynthesis of Amino Acids and Heme" p. 
575-600 (1988)). Thus, the output of any particular amino acid is limited by the amount 
of that amino acid present in the cell. 

B. Vitamin. Co/actor, and Nutraceulical Metabolism and Uses 

Vitamins, cofactors. and nutraceuticais comprise another group of molecules 
which the higher animals have lost the ability to synthesize and so must ingest, although 
they are readily synthesized by other organisms such as bacteria. These molecules are 
either bioactive substances themselves, or are precursors of biologically active 
substances which may serve as electron carriers or intermediates in a variety of 
metabolic pathways. Aside from their nutritive value, these compounds also have 
significant industrial value as coloring agents, antioxidants, and catalysts or other 
processing aids. (For an overview of the structure, activity, and industrial applications 
of these compounds, see, for example, Ullman's Encyclopedia of Industrial Chemistry. 
"Vitamins" vol. A27, p. 443-613, VCH: Weinheim, 1996.) The term 'Vitamm' is art- 
recognized, and includes nutrients which are required by an organism for normal 
functioning, but which that organism cannot synthesize by itself The group of vitamins 
may encompass cofactors and nutraceutical compounds. The language "cofactor'* 
includes nonproteinaceous compounds requited for a normal enzymatic activity to 
occur. Such compounds may be organic or inorganic; the cofactor molecules of the 
invention are preferably organic. The term "nutraceutical" includes dietaty supplements 
having health benefits in plants and animals, particularly humans. Examples of such 
molecules are vitamins, antioxidants, and also certain lipids (e.g., polyunsaturated fatty 

acids). J, ■ X. 

The biosynthesis of these molecules in organisms capable of producing them. 

such as bacteria, has been largely characterized (Ullman's Encyclopedia of Industrial 

Chemistry. "Vitamins" vol. A27. p. 443-6 13. VCH: Weinheim. 1 996: MichaL G- (1999) 

Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology, John Wiley 

& Sons- Ong, A.S.. Niki, E. & Packer. L. (1995) "Nutrition, Lipids, Health, and 

Disease" Proceedings of the UNESCO/Confederation of Scientific and Technological 

Associations in Malaysia, and the Society for Free Radical Research - Asia, held Sept. 

1-3. 1994 at Penang. Malaysia, AOCS Press: Champaign, IL X, 374 S). 



Thiamin (vitamin BO is produced by the chemical coupling of pynmidine and 
thiazole moieties. Riboflavin (vitamin B^) is synthesized from guanosine-5 -tnphosphate 
(GTP) and ribose-5'-phosphate. Riboflavin, in tum, is utilized for the synthesis of flavm 
mononucleotide (FMN) and flavin adenine dinucleotide (FAD). The family of 
; compounds collectively termed 'vitamin Be" (e.g., pyridoxine. pyridoxamme, pyndoxa- 
5--phosphate, and the commercially used pyridoxin hydrochloride) are all derivatives of 
the common structural unit. 5-hydroxy-6-methylpyridinc. Pantothenate (pantothenic 
acid (R)-(+).N-(2.4-dihydroxY-33-dimethyl-l-oxobutyl)-P-alanine) can be produced 
either by chemical synthesis or by fermentation. The fmal steps in pantothenate 
] biosynthesis consist of the ATP-drtven condensation of P-alanine and pantcc acid. The 
enzy-mes responsible for the biosynthesis steps for the conversion to pantoic acid to P- 
alanine and for the condensation to panthotcnic acid are known. The metabohcaUy 
active form of pantothenate is Coenzyme A, for which the biosynthesis proceeds m 5 
enzymatic steps. Pantothenate, pyridoxal-S" -phosphate, cysteine and ATP are the 
5 precursors of Coenzyme A. These enzymes not only catalyze the formation of 
panthothante. but also the production of (R)-pantoic acid, {R)-pantolacton. (R)- 
panthenol (provitamin Bs). pantetheine (and its derivative.s) and coenzyme A. 

Bictin biosynthesis from the precursor molecule pimeloyl-CoA in 
microorganisms has been studied in detail and several of the genes involved have been 
>0 identified. Many of the corresponding proteins have been found to also be involved in 
Fe-cluster synthesis and are members of the nifS class of proteins. Lipoic acd is 
derived from octanoic acid, and serves as a coenzyme in energy metabolism, where ,t 
becomes part of the pyruvate dehydrogenase complex and the a-ketoglutarate 
dehydrogenase complex. The folates are a group of substances which are all derivatives 
>5 of folic acid, which is turn is derived from L-glutamic acid, p-amino-benzoic acid and 6- 
mcthylpterm. The biosynthesis of folic acid and its derivatives, starting from the 
metabolism intermediates guanosine-5 '-triphosphate (GTP), L-glutamic acid and p- 
amino-benzoic acid has been studied in detail in certain microorgamsms. 

Cotrinoids (such as the cobalamines and particularly vitamin Bn) and 
30 porphyrines belong to a group of chemicals characterized by a tetrapyrole ring system. 
The biosynthesis of vitamin Bn is sufficiently complex that it has not yet been 
completely characterized, but many of the enzymes and substrates involved are no w 
knol Nicotinic acid (nicotinate). and nicotinamide are pyridine derivatives which are 
also termed 'niacin' . Niacin is the precursor of the important coenzymes NAP 
35 (nicotinamide adenine dinucleotide) and NADP (nicotinamide ademne dinucleoUde 
phosphate) and their reduced forms. 
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The large-scale production of these compounds has largely relied on cell-free 
chemical syntheses, though some of these chemicals have also beeii produced by large- 
scale culture of microorganisms, such as riboflavin. Vitamin Bs, pantothenate, and 
biotin Only Vitamin Bu is produced solely by fermentation, due to the complexity of 
its synthesis. In vitro methodologies require significant inputs of materials and t.tne, 
often at great cost. 

C Purine Pyrimidine. Nucleoside and Nucleotide Metabolism and Uses 

Purine and pyrimidine metabolism genes and their corresponding proteins are 
important targets for the therapy of tumor diseases and viral infections. The language 
"purine- or "pyrimidine" includes the nitrogenous bases which are constituents of 
nucleic acids, co-enzymes, and nucleotides. The term "nucleotide" includes the basic 
structural units of nucleic acid molecules, which are comprised of a nitrogenous base, a 
pentose sugar (in the case of RNA, the sugar is ribose; in the case of DNA, the sugar is 
D-deoxyribose). and phosphoric acid. The language "nucleoside-- includes molecules 
v.hich serve as precursors to nucleotides, but which are lacking the phosphoric acid 
moiety that nucleotides possess. By inhibiting the biosynthesis of these molecules or 
their mobilization to form nucleic acid molecules, it is possible to inhibit RNA and DNA 
synthesis: by inhibitine this activity in a fashion targeted to cancerous cells, the ability 
of tumor cells to divide and replicate may be inhibited. Additionally, there are 
nucleotides which do not form nucleic acid molecules, but rather serve as energy stores 
(i e . AMP) or as coenzymes (i.e., FAD and NAD). 

Several publications have described the use of these chemicals for these medical 
indications, by influencing purine and/or pyrimidine metabolism (e.g. Chrustopherson. 
R I and Lyons. S-D. (1990) "Potent inhibitors ofde novo pyrimidine and punne . 
bicynthesK. as chemotherapeutic agents." Med Res. Reviews 1 0: 505-548). Studies of 
enzvmes involved in purine and pyrimidine metaboHsm have been focused on the 
development of new drugs which can be used, for cample, as immunosuppressants or 
anti-proliferants (Smith, J.L.. (1995) "Enzymes in nucleotide synthesis. C.,- Opin. 
Struct. Biol. 5: 752-757; 0995) BiocHem Soc Transact. 23: 877-902). However, punne 
and pyrimidine bases, nucleosides and nucleotides have other utilities: as mtennediates 
in the biosynthesis of several fine chemicals (e.g., thiamine, S-adenosy -metbonine, 
folates, or nboflavin), as energy carriers for the cell (e.g., ATP or OTP), ^d for 
chemicals themselves, commonly used as flavor e^ancers (e.g., 
several medicinal applications (see, for example, Kuninaka. A. (1996) Nucleotides ^d 
Related Compounds in Biotechnology vol. 6, Rehm et al., eds. VCH: We^eim. p. 561- 
612). Also, enzymes involved in purine, pyrimidine. nucleoside, or nucleotide 
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metabolism are increasingly sen-'ing as targets against which chemicals for crop 
protection, including fiangicides. herbicides and insecticides, are developed. 

The metabolism of these compounds in bacteria has been characterized (for 
reviews see, for example, Zalkin, H. and Dixon, J.E. (1992) "rfc novo purine nucleotide 
biosynthesis", in: Progress in Nucleic Acid Research and Molecular Biology, vol. 42. 
Academic Press:, p. 259-287: and Michal, G. (1999) "Nucleotides and Nucleosides". 
Chapter 8 in: Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology. 
Wiley: New York). Purine metabolism has been the subject of intensive research, and is 
essential to the normal functioning of the cell. Impaired purine metabolism in higher 
animals can cause severe disease, such as gout. Purine nucleotides are synthesized from 
ribose-5-pho5phate. in a series of steps through the intermediate compound mosme-5 - 
phosphate (IMP), resulting in the production of guanosine-S'-motiophosphate (GMP) or 
adenosine-5'.monophosphate (AMP), from which the triphosphate forms utihzed as 
nucleotides are readily formed. These compounds are also utilized as energy stores, so 
their degradation provides energy for many different biochemical processes m the cell. 
Pyrimidine biosynthesis proceeds by the fomation of uridine-S'-monophosphate (UMP) 
from ribose-5-phosphate. UMP. in turn, is converted to cytidine-5*-tnphosphate (CTP). 
The deoxy- forms of all of these nucleotides are produced in a one step reduction 
reaction from the diphosphate ribose form of the nucleotide to the diphosphate 
deoxyribose form of the nucleotide. Upon phosphorylation, these molecules are able to 
participate in DNA synthesis. 

D Trehalose Metabolism and Uses 

Trehalose consists of two glucose molecules, bound in a, a-Ll linkage. It is 
commonly used in the food industry as a sweetener, an additive for dried or frozen 
food., and in beverages. However, it also has applications in the P^^^^^^'^'^^f-^ . 
cosmetics and biotechnology industries (see. for example, Nisbimoto et al., (' 998) US. 
Patent No. 5.759,610; Singer, M.A. and Lindquist, S. (1998) Trends Biotech. 16: 460- 
467- Paiva. C.L.A. and Panek, A.D. (1996) Biotech. Ann. Rev. 2: 293-314; and 
Shiosaka, M. (1997) J. Japan 172: 97-102). Trehalose is produced by enzymes from 
many microorganisms and is naturally released into the surrounding medium, from 
which it can be collected using methods known in the art. 

II Mechanism.^; of Metabolic Regulation 

All living cells have complex catabolic and anabolic metabolic capabihties with 

many interconnected pathways. In order to maintain a balance between the various parts 
of this extremely complex metabolic network, the ceU employs a finely-tuned regulatory 



network. By regulating enzyme synthesis and enzyme activity, either independently or 
simultaneously, the cell is able to control the activity of disparate metabolic pathways to 
reflect the changing needs of the cell. 

The induction or repression of enzyme synthesis may occur at either the level of 
transcription or translation, or both. Gene expression in prokaryotes is regulated by 
several mechanisms at the level of transcription (for review see e.g.. Lewm. B (1 990) 
Genes IV Part 3: "Controlling prokaryotic genes by transcription". Oxford Untversity 
Press: Oxford, p. 213-301, and references therein, and Michal, G. (1999) Biochemical 
Pathways- An Atlas of Biochemistry and Molecular Biology, John Wiley & Sons). All 
such known regulatory processes are mediated by additional genes, which themselyes 
respond to external influences of various kinds (e.g., temperature, nutrient availabihty, 
or light). Exemplary protein factors which have been implicated in this type of 
regulation include the transcription factors. These are proteins which bmd to DNA, 
th^by either increasing the expression of a gene (positive regulation, as tn the case of 
e g the ara operon from E. colt) or decreasing gene expression (negative regulaUon. as 
in the case of the lac operon from E. coif). These expression-modulating transcription 
factors can themselves be the subject of regulation. Their activity can, for example, be 
regulated by the binding of low molecular weight compounds to the DNA-b.nding 
protein, therebv stimulating (as in the case of arabinose for the ara operon) or mhibitmg 
(as in the case of the lactose for the lac operon) the binding of these protems to the 
appropriate binding site on the DNA (sec, for example. Helmaml. J.D. and Chamberlm, 
M J (1988) "Structure and fvmctionofbacterial Sigma factors." >4«n. Re^^ Biochem.57. 
839-872- Adhya, S. (1995) "The lac and gal operons today" and Boos. W. et al., "The 
maltose system.", both in: Regulation of Gene Expression in Escherichia coli (Lm 
E.C.C. and Lynch. A.S., eds.) Chapman & Hall: New York. p. 181-200 and 201-229; 
and Moran. CP. (1 993) "RNA polymerase and transcription factors, m: Bacillus 
subtilfs and other gram-positive bacteria. Sonenshein. A.L. et al., eds. ASM: 

Washington, D.C, p. 653-667.) , , ^ ,t 

Aside from the transcriptional level, protein synthe.sis is also often regulated at 
the level of translation. There are multiple mechanisms by which such regulation may 
occur, including alteration of the ability of the tibosome to bind to one or more mRN As, 
binding of the ribosome to the mRNA, the maintenance or removal of mRKA secondary 
structure, the utilization of common or less conunon codons for a particular gene, the 
degree of abundance of one or more tRNAs, and special regulation mechanisms such as 
attenuation (see Vellanoweth. R.I. (1993) Translation and its regulation m Baallus 
subtilis and other gram-positivc bacteria. Sonenshein, A.L- et al., eds. ASM: 
Washington, D.C. p. 699-71 1 and references cited therein). 



Transcriptional and translaticnal regulation may be targeted to a single protein 
(sequential regulation) or simultaneously to several proteins in difFerent metabohc 
path^v•ays (coordinate regulation). Often, genes ^vhose expression is coord.nately 
regulated are physically located near one another in the genome, in an operon or 
regulon Such up- or dovvt,-regulation of gene transcription and translation is governed 
by the cellular and extracellular levels of various factors, such as substrates (precursor 
and intermediate molecules used in one or more metabolic pathways), catabohtes 
(molecules produced by biochemical pathways concerned with the production of energy 
from the breakdo^vn of complex organic molecules such as sugars), and end products 
(the molecules resulting at the end of a metabolic pathway). Typically, the expression 
of genes encoding enzymes necessary for the activity of a particular pathway is mduced 
by high levels of substrate molecules for that pathway. Similarly, such gene expression 
tends to be repressed when there exist high intracellular levels of the end product of the 
pathway (Snyder. L. and Champness, W. (1997) The Molecular Biology of Bactena 
ASM- Washington). Gene expression may also be regulated by other external and 
internal factors, such as environmental conditions (e.g.. heat, oxidative stres.s. or 
starvation). These global environmental changes cause alterations in the expression of 
specialized modulating genes, which directly or indirectly (via additional genes or 
proteins) trigger the expression of genes by means of binding to DNA and thereby 
Lucing or repressing transcription (see. for example. Lin, EX.C Lync - A^S ed.s. 
(1995) Regulation of Gene Expression in Escherichia colt. Chapman & Hall. New 

Yet another mechanism by which cellular metabolism may be regulated is at the 
level of the protein. Such regulation is accomplished either by the activities of other 
proteins, or by binding of low-molecular-weight components which either impede or 

enable the normal ^ctioning of the protein. Exan^ples of protem ^^^^^^^^^^^ T^.. 
binding of low-molecular-weight compounds include the bindmg of GTP or NAD^The 

binding of a low-molecular-weigbt chemical is typically reversible, as ^^^^^^^^^^^ 
the G^-binding proteins. These proteins exist in two stages (wi^ bound GTP or GDP), 
one staee beine the activated form of the protein, and one stage bemg mactiye 

Regulln of protein activity by the action of other enzy-mes typically t^es the 
form of covalent modification of the protein (i.e., P^^^^^'^X^'''^ f TZ^Ln is 
residues such as histidine or aspartate, or methylation). Such covalent modificauon is 
Z^yZLme, as mediated by an enzyme of the opposite activity. An examp e of 
Ti he opp^^^^^^ acUvities of Idnases and phosphorylases in protein phospho^ ation; 
^ Kinoes phosphorylate specific residues on a target protein i2;:Z:L^ns 
Lonine). while protein phosphorylases remove phosphate groups from such proteins. 
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Typically, enzymes -hich modulate the activity of other proteins are themselves 
modulated by external stimuli. These stimuli are mediated through proteins which 
function as sensors. A -ell known mechanism by which such sensor protems may 
nnediate these external signals is by dimerization, but others are also known (see for 
example, Msadek. T. et al. (1 993) "Two-Component Regulatory Systems \ m: Bacillus 
subtilis and Other Gram-Positive Bacteria, Sonenshein. A.L. et al.. eds., ASM: 
Washington p. 729-745 and references cited therein). 

A thorough understanding of the regulatory networks governing cellular 
metabolism in microorganisms is critical for the high-yield production of chemicals by 
fermentation. Control systems for the down-regulation of metabolic pathways ecu d be 
removed or lessened to improve the synthesis of desired chemicals, and similarly, those 
for the up-regulation of metabolic pathways for a desired product could be const.tut.vely 
activated or optimized in activity (As shown in Hirose, Y. and Okada, H. (1979) 
"Microbial Production of Amino Acids", in: Peppier. H.J. and Perlman. D. (eds.) 
Microbial Technology 2^' ed. Vol. 1, ch. 7 Academic Press: New York.) 

Ill Elements and Methods of the Invention 

The present invention is based, at least in part, on the discovery of novel 
molecules- referred to herein as MR nucleic acid and protein molecules, which regulate, 
by transcriptional. translationaL or post-translatlonal means, one or more metabohc 
pathways in C gluicnicu^. In one embodiment the MR molecules transcnpt.onally, 
Lslationallv. or posttranslationally regulate a metabolic pathway in C .luramjcurn. In 
, a preferred embodiment, the activity of the MR molecules of the present mvent,on to 
regulate one or more C gluramicum metabolic pathways has an impact on the 
pr'oduction of a desired fine chemical by this organism. In a ^^-'^.^^^^^7^. 
Lbodi„.ent. the MR molecules of the mvention are modulated m act, v,ty, such *at he 
C Slurar^icu. metabolic pathways which the MR proteins of the mven.on regula e are 
modulated in efficiency or output, which either directly or indirectly modulates the 
yield, production, and/or efficiency of producrion of a desired fme chemical by C 

30 ; p,,,peptide- includes proteins wluch 

.anscri^ionall - tLslationally, or posttranslationally regulate --^^^^^^^^ 
C....,c... Examples of^^p.^^^^^^^^^ 
forth in Tabte 1 and Appendix A. The terms MR gene or |vi 

35 include nucleic acid s^uences encoding an MR prCein. wh.ch cons.s. 

region and also cotesponding untranslated 5' and 3' sequence regtons. E-amples of MR 
,L include those .et forth in Table 1. The terms "production' or "produCvty are 
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20 



25 



ar,.r.cogni«d and include concenttation of Ac fe^enBtion product (for example, 
the desired fine ehemicl) formed ^vithin a given time and a given fermentation volume 
(e . kg product per hour per liter). Ue term "efnciency of producUon- tncludes the 
time required for a particular level of production to be achieved (for example, how long 
it takes for the cell to attain a particular rate of output of a fine chemical). The tem 
"Yield" or "product/carbon yield" is a«-recogniW and includes the efBc.ency of the 
conversion of the carbon source into the product (i.e.. fine chemical). This is generally 
.vritten as, for example, kg product per kg carbon source. By increasing '^yf^^' 
production of the compound, the quantity of recovered molecules, or of useful r^overed 
molecules of that compound in a given amount of culture over a given amount of tirm. .s 
increased. The terms "biosynthesis- or a "biosynthetic pathway- ate art-recogn>zed and 
include the synthesis of a compound, preferably an organic compound, by a cell fi-om 
intermediate compounds in what may be a multistep and highly regula^d 
terms "degradation ' or a "degradation pathway- are att-recogn.zed and mclude the 
b^kdo^of a compound, preferably an organic compound, by a cell to degradaUon 
pK,ducts (generally speaking, smaller or less complex molecules) in what may be a 
lltistep L,d highly regulated process. Tlte language "metabolism- ,s art-recogmzcd 
and includes the totality of the biochemical reactions that take place in an organ.sm. 
■n,e metabolism of a particular compound, then. (e.g.. the metabolism of an ammo actd 
such as glycine) comprises the overall biosynthetic. modification, and degradation 

*e cel. related to this compound. The term. "regulaHon- rs --"^'^ 
and incLes the activity of a protein to govern the activity of another ptotcn. The e^. 
"transcriptional regulation" is art-rccogni^d and includes the act,v,ty "^^r^"!^ 
impede or activate the conversion of a DNA encoding a target protemto mRNA. The 
Z ;::Unal regulation- is art-recognized and includes the -'^-y^^^^^ 
impede or activate the conversion of an mRNA encoding a target P-'-" » f^^'^ 
molculc. The term, "posttranslational regulation" is art-tecogmred and mdudes fte 
Tctivity of a protein to impede or improve the activity of a target protem by covale«ly 
mldi^ing the target protein (e.g.. by me*ylation. glucosylation. or pbosphoo-lat on). 

,n another embodiment, the MR molecules of the invention are capable of 
modulating the production of a desired molecule, such as a fine chem.cal m a 
nanism such as C. „u.a.^cu^- U-S recombinant genetic techn.ques^ one or 
1„ of the regulatory proteins of the invention for metabohc patiiways may be 
:::pul^such Jits function is modulated. For example abiosyWh^ 

; Zl i»p.oved in efficiency, or its allosteric control region ^^^^^^^^ 
feedback inhibition of pn:Hiuction of the compound ts prevented. - > 

degradative enzyme may be deleted or modified by substimt.on. deletion, or addttion 
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such that i« degradative activity i, l«.=ned for th= desi^d compound ^.hou. imp^ring 
L viability of the cell. In each case, the overall yield or rate of productton of one of 
these desired fine chemicals may be increased. , v,. „„W„lcs of 

It is also possible that such alterations in the protetn and nucleottde molecules of 
5 the invention may improve the production otfine chemicals in an f = 
re.ula.ory mechanisms of metabolic pathways in the cell are nccessartly tn,ertv.n.d. 

the a^tivafon of one pathway may lead to the repression or act,va„on of ano*er m 
Tconcomitant fashion. Titerefbre. by modulating the activity of one or more o the 
proteins of the invention, the production or efficiency of ac.,v,.y of-"= 
,0 chemical biosynthetic or degradative pathway may be impacted. For «<ample. by 

dtT^ing the ability ofan MR protein to repass the transcription of a gene encod.ng a 
par^cul^amino acid biosynthetic protein, one may concomitantly ;ie^--*" 
n amino acid biosvnthetic pathways, since these pathways are mterrelated. Further by 
* '•' To^;:: .HeMRpro.einsoftheinven.ion.onemayuncoup-ethegr^^^^^^^ 

1 5 of cells from their extracellular sum,undings to a certam degree: by impamng an MR 
' ' w ich normally represses biosynthesis of a nuCeoUde when 

onditions are suboptimal for growth and cell division such tha. . -''^'^^^l are 
fitnction. one may permit growth to occur even when the 
poor TWs is of particular relevance in large-scale fermentattve growth, where 
20 onditions within the culture are often suboptimal in terms of temperature, nutnent 
"pply or aeration, but would still support gr-vth and cell division ,f U,e cellular 
regulatory systems for these factors were elmiinated. .,^,hi„*e 
The isolated nucleic acid sequences of the invention are contained wihrn the 
genome^^a C^.e.«.eW„n. ./u,».ic„« strain available tbr^ugh the A™ Type 
25 Collection, given designation ATCC 13032. The nucleottde -.uence of *e 

^) IZ^C. ,n MR CDNAS and the predicted amino acid sequences of the C 

Xr.™.c.m MR proteins a. shown in Appendices A and B- rcspectt^X- 

b:::rr:-r:h:::rrmr^^^^^^^ 

nucleottde s^ . ^ ^^^^^ — 3 

.equenc?:Lissubs.an«ally— ^^^^^ 

AS used herein, a ^^^'^^ ^''^''^J^"^^^^^ 50% homologous to the 
homologous to a selected amtn a pn,.ein 

. :rara:ro=e:^-:^^^^^ 
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least about 96%, 97%. 98%, 99% or more homologous to the selected amino add 
sequence. biologically active portion or fragment thereof of the 



The MR protem or a I _ „ , * 

i„v«,«on can ,ra.scrip«o„ally, «n.l.«onally. or po««n,laUonally regu 
5 meuboUc pamway in C itu,o..icum, or have one o, more of the act,v,«es sc. for* m 
Tablet. 



various aspects of the invention arc described in further detail in the following 

subsections: 

10 A. holoKd Nucleic Acid Mokcules ,,i,„ 
One aspect of the invention pertains to isolated nucle,c acd mo ecules hat 
encode MR polypeptides or biologically active portions thereof, as well as nucle-c ac.d 
Lments slcTent for use as hybndi..ation probes or primers for the .denttftcafon or 
=■ Z^on of MR-encoding nucleic acid (e.g.. MR ONA). As 
, 5 "nudeic acid molecule" is intended to include DNA molecules (e.g., cDNA or genomic 
OKA Id t A molecules (e.g.. mRKA, and analogs of the DNA or RXA genera ed 

nucleotide analogs. This term also encompasses untranslated sequence located at 
Z thTr and 5- ends'of the coding region of the gene: at least about ,00 nuceorides 
of sequence upstream from the 5' end of Ute coding region and at least about 20 
,0 nuclidcsofsequencedo«„streamfron,the3-endof,hccodingree^^^^ 

The nucleic acid molecule can be single-stranded or double-stranded but preferably .s 
L b™ stranded DNA. An "isolated" nuCeie acid molecule is one wh.ch .s s^arated 
from othernucleic acid molecules which are present in the na»^-' t 
acid Preferably, an "isolated" nucleic acid is free of sequences whtch naturally flank 
- 25 S nu elc aci/(i.c.. sequences located at the , and 3' ends ^J"^ " 

'} genomic DNA of the organism from which the nucleic acd .s '-^^^'Jl^^^^^i 

various embodiments, the isolated MR nucleic acid molecule can cot^am 
5 kb 4kb 3kb. 2kb. 1 kb, 0.5 kb or 0. 1 kb of nucleotide sequences which naturally flank 

chemicals when chemically synthesized. ^ nucleic acid molecule 

1 - molecule of the present mvention, e.g.. a nucieicaciuii* 

3S having::ridr~fAppe:di.A.rapo.o„.^^^^^^^ 

standld molecular biology techniques and ==^"2" "^raTX-.c- library 
For exaniple. a C gto<.mic«m MR cDN A can be isolated from C. gl- 
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using all or portion of one of the sequences of Appendix A as a hybridization probe and 
standard hybridization techniques (e.g., as described in Sambrook, J., Fritsh, E. and 
Mariiatis, T. Molecular Cloning: A Laboratory Manual 2nd. erf. Cold Spring Harbor 
Laboratory. Cold Spring Harbor Laboratory Press. Cold Spring Harbor. NY, 1989). 
5 Moreover, a nucleic acid molecule encompassing all or a portion of one of the sequences 
of Appendix A can be isolated by the polymerase chain reaction using oligonucleotide 
primers designed based upon this sequence (e.g.. a nucleic acid molecule encompassing 
all or a portion of one of the sequences of Appendix A can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon this same sequence of 
1 0 Appendix A). For example. mRNA can be isolated from normal endothelial cells (e.g., 
by the guanidinium-thiocyanate extraction procedure of Chirgwin et al. (1979) 
vij|i Biochemistry 18: 5294-5299) and cDNA can be prepared using reverse transcriptase 

(e.s., Moloney MLV reverse transcriptase, available from Gibco/BRL. Bethesda, MD: 
or AMV reverse transcriptase, available from Seikagaku America, Inc., St. Petersburg. 
1 5 FL). Synthetic oligonucleotide primers for polymerase chain reaction amplification can 
be designed based upon one of the nucleotide sequences shown in Appendix A. A 
nucleic acid of the invention can be amplified using cDNA or, alternatively, genomic 
DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an 
20 appropriate vector and characterized by DNA sequence analysis. Furthermore, 
oligonucleotides corresponding to an MR nucleotide sequence can be prepared by 
standard synthetic techniques, e.g.. using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises one of the nucleotide sequences shown in Appendix A. The sequences of 
25 Appendix A correspond to the Corynebactenum glutamicum MR cDNAs of the 

invention. This cDNA comprises sequences encoding MR proteins (i.e., "the coding 
region", indicated in each sequence in Appendix A), as well as 5' untranslated sequences 
and 3* untranslated sequences, also indicated in Appendix A. Alternatively, the nucleic 
acid molecule can comprise only the coding region of any of the sequences in Appendix 
30 A. 

For the purposes of this application, it will be understood that each of the 
sequences set forth in Appendix A has an identifying RXA number having the 
designation "RXA^^ followed by 5 digits (i.e., RXA00004). Each of these sequences 
comprises up to three parts: a 5' upstream region, a coding region, and a downstream 
35 region. Each of these three regions is identified by the same RXA designation to 

eliminate confusion. The recitation "one of the sequences in Appendix A", then, refers 
to any of the sequences in Appendix A, which may be distinguished by their differing 



-21 - 



RXA designations. The coding region of each of these sequences is translated into a 
corresponding amino acid sequence, which is set forth in Appendix B. The sequences of 
Appendix B are identified by the same RXA designations as Appendix A, such that they 
can be readily correlated. For example, the amino acid sequence in Appendix B 
5 designated RXA00004 is a translation of the coding region of the nucleotide sequence of 
nucleic acid molecule RXA00004 in Appendix A. 

In one embodiment, the nucleic acid molecules of the present invention are not 
intended to include those compiled in Table 2. In the case of the dapD gene, a sequence 
for this gene was published in Wehmiann, A., et al. (1998) J Bacterial. 1 80(1 2): 31 59- 
10 3 1 65. However, the sequence obtained by the inventors of the present application is 
significantly longer than the published version. Jt is believed that the published version 
\ relied on an incorrect start codon, and thus represents only a fragment of the actual 
coding region. 

In another preferred embodiment, an isolated nucleic acid molecule of the 

15 invention comprises a nucleic acid molecule which is a complement of one of the 
nucleotide sequences shown in Appendix A, or a portion thereof A nucleic acid 
molecule which is complementary to one of the nucleotide sequences shown in 
Appendix A is one which is sufficiently complementary to one of the nucleotide 
sequences shown in Appendix A such that it can hybridize to one of the nucleotide 

20 sequences shown in Appendix A, thereby forming a stable duplex. 

In still another preferred embodiment an isolated nucleic acid molecule of the 
invention comprises a nucleotide sequence which is at least about 50-60%, preferably at 
least about 60-70%, more preferably at least about 70-80%, 80-90%, or 90-95%, and 
even more preferably at least about 95%, 96%. 97%, 98%. 99% or more homologous to 

25 a nucleotide sequence sho^^ in Appendix A, or a portion thereof. In an additional 
^^]! preferred embodiment, an isolated nucleic acid molecule of the invention comprises a 

nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to one 
of the nucleotide sequences shown in Appendix A, or a portion thereof. 

Moreover, the nucleic acid molecule of the invention can comprise only a 

30 portion of the coding region of one of the sequences in Appendix A, for example a 

fragment which can be used as a probe or primer or a fragment encoding a biologically 
active portion of an MR protein. The nucleotide sequences determined from the cloning 
of the MR genes from C glutamicum allows for the generation of probes and primers 
designed for use in identifying and/or cloning MR homologues in other cell types and 

35 organisms, as well as MR homologues from other Corynebacteria or related species. 
The probe/primer typically comprises substantially purified oligonucleotide. The 
oligonucleotide typically comprises a region of nucleotide sequence that hybridizes 
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imder stringent conditions to at least about 12. preferably about 25. more preferably 
about 40, 50 or 75 consecutive nucleotides of a sense strand of one of the sequences set 
forth in Appendix A, an anti-sense sequence of one of the sequences set forth in 
Appendix A, or naturally occurring mutants thereof. Primers based on a nucleotide 
5 sequence of Appendix A can be used in PGR reactions to clone MR homologues. 
Probes based on the MR nucleotide sequences can be used to detect transcripts or 
genomic sequences encoding the same or homologous proteins. In preferred 
embodiments, the probe further comprises a label group attached thereto, e.g. the label 
group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co- 
10 factor. Such probes can be used as a part of a diagnostic test kit for identifying cells 
which misexpress an MR protein, such as by measuring a level of an MR-encoding 
•4^ nucleic acid in a sample of cells, e.g., detecting MR mRNA levels or determining 
whether a genomic MR gene has been mutated or deleted. 

In one embodiment, the nucleic acid molecule of the invention encodes a protein 
15 or portion thereof which includes an amino acid sequence which is sufficiently 

homologous to an amino acid sequence of Appendix B such that the protein or portion 
thereof maintains the ability to transcriptionally, translationally, or posttranslationally 
regulate a metabolic pathway in C glutamicum. As used herein, the language 
"sufficiently homologous" refers to proteins or portions thereof which have amino acid 
20 sequences which include a minimum number of identical or equivalent (e.g.. an amino 
acid residue which has a similar side chain as an amino acid residue in one of the 
sequences of Appendix B) amino acid residues to an amino acid sequence of Appendix 
B such that the protein or portion thereof is able to transcriptionally, translationally. or 
posttranslationally regulate a metabolic pathway in C glutamicum. Protein members of 
25 such metabolic pathways, as described herein, may function to regulate the biosynthesis 
or degradation of one or more fine chemicals Examples of such activities are also 
described herein. Thus, 'the function of an MR protein" contributes to the overall 
regulation of one or more fine chemical metabolic pathway. Examples of MR protein 
activities are set forth in Table 1 . 
30 In another embodiment, the protein is at least about 50-60%, preferably at least 

about 60-70%. and more preferably at least about 70-80%. 80-90%. 90-95%, and most 
preferably at least about 96%. 97%, 98%, 99% or more homologous to an entire amino 
acid sequence of Appendix B. 

Portions of proteins encoded by the MR nucleic acid molecules of the invention 
35 are preferably biologically active portions of one of the MR proteins. As used herein, 
the term "biologically active portion of an MR protein" is intended to include a portion, 
e.g., a domain/motif, of an MR protein that tran.scriptionally. translationally. or 
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posttranslationally regulates a metabolic pathway in C glutamicum, or has an activity as 
set forth in Table 1 . To determine whether an MR protein or a biologically active 
portion thereof can transcriptionally, translationally. or posttranslationally regulate a 
metabolic pathway in C. glutamicum, an assay of enzymatic activity may be performed. 
5 Such assay method.s are well known to those skilled in the art as detailed in Example 8 
of the Exemplification. 

Additional nucleic acid fragments encoding biologically active portions of an 
MR protein can be prepared by isolating a portion of one of the sequences in Appendix 
B. expressing the encoded portion of the MR protein or peptide (e.g., by recombinant 
10 expression in y^itro) and assessing the activity of the encoded portion of the MR protein 
or peptide. 

The invention further encompasses nucleic acid molecules that differ from one of 
the nucleotide sequences shown in Appendix A (and portions thereof) due to degeneracy 
of the genetic code and thus encode the same MR protein as that encoded by the 
15 nucleotide sequences shown in Appendix A. Tn another embodiment, an isolated nucleic 
acid molecule of the invention has a nucleotide sequence encoding a protein having an 
amino acid sequence shown in Appendix B. In a still further embodiment, the nucleic 
acid molecule of the invention encodes a full length C. glutamicum protein which is 
substantially homologous to an amino acid sequence of Appendix B (encoded by an 
20 open reading frame shown in Appendix A). 

In addition to the C. glutamicum MR nucleotide sequences shown in Appendix 
A, it will be appreciated by those skilled in the art that DNA sequence polymorphisms 
that lead to changes in the amino acid sequences of MR proteins may exist within a 
population (e.g.. the C glutamicum population). Such genetic polymorphism in the MR 
^) 25 gene may exist among individuals within a population "due to natural variation. As used 
- herein, the terms "gene" and "recombinant gene" refer to nucleic acid molecules 

comprising an open reading frame encoding an MR protein, preferably a C glutamicum 
MR protein. Such natural variations can typically result in 1-5% variance in the 
nucleotide sequence of the MR gene. Any and all such nucleotide variations and 
30 resulting amino acid polymorphisms in MR that are the result of natural variation and 
that do not alter the functional activity of MR proteins are intended to be within the 

scope of the invention. 

Nucleic acid molecules corresponding to natural variants and non-C glutamicum 
homologues of the C glutamicum MR cDNA of the invention can be isolated based on 
3 5 their homology to the C. glutamicum MR nucleic acid di sclosed herein using the C. 

glutamicum cDNA, or a portion thereof, as a hybridization probe according to standard 
hybridization techniques under stringent hybridization conditions. Accordingly, in 
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another embodiment, an isolated nucleic acid molecule of the invention is at least 1 5 
nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molectjJc comprising a nucleotide sequence of Appendix A. in other embodiments- the 
nucleic acid is at least 30, 50, 100, 250 or more nucleotides in length. As used herein. 
5 the term "hybridizes under stringent conditions" is intended to describe conditions for 
hybridization and washing under which nucleotide sequences at least 60% homologous 
to each other typically remain hybridized to each other. Preferably, the conditions arc 
such that sequences at least about 65%. more preferably at least about 70%, and even 
more preferably at least about 75% or more homologous to each other typically remain 

1 0 hybridized to each other. Such sttingent conditions are known to those skilled in the art 
and can be found in Current Protocols in Molecular Biology, John Wiley & Sons, N. Y. 
^ (1 989). 6.3.1-6.3.6. A preferred, non-limiting example of stringent hybridization 
W conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45°C, 
followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65°C. Preferably, an 

1 5 isolated nucleic acid molecule of the invention that hybridizes under stringent conditions 
to a sequence of Appendix A corresponds to a naturally-occurring nucleic acid 
molecule. As used herein, a "naturally-occurring" nucleic acid molecule refers to an 
R3<IA or DNA molecule having a nucleotide sequence that occurs in nature (e.g.. 
encodes a natural protein). In one embodiment, the nucleic acid encodes a natural C 

20 glutamicum MR protein. 

In addition to naturally-occurring variants of the MR sequence that may exist in 
the population, the skilled artisan will further appreciate that changes can be introduced 
by mutation into a nucleotide sequence of Appendix A, thereby leading to changes in the 
amino acid sequence of the encoded MR protein, without altering the functional ability 

25 of the MR protein. For example, nucleotide substitutions leading to amino acid 
substitutions at "non-essential" amino acid residues can be made in a sequence of 
Appendix A. A "non-essential" amino acid residue is a residue that can be altered from 
the wild-type sequence of one of the MR proteins (Appendix B) without altering the 
activity of said MR protein, whereas an "essential" amino acid residue is required for 

30 MR protein activity. Other amino acid residues, however, (e.g.. those that are not 
conserved or only semi-conserved in the domain having MR activity) may not be 
essential for activity and thus are likely to be amenable to alteration without altering MR 
activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
35 encoding MR proteins that contain changes in amino acid residues that are not essential 
for MR activity. Such MR proteins differ in amino acid sequence from a sequence 
contained in Appendix B yet retain at least one of the MR activities described herein. In 
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one embodiment, the isolated nucleic acid molecule comprises a nucleotide sequence 
encoding a protein, wherein the protein comprises an amino acid sequence at least about 
50% homologotis to an amino acid sequence of Appendix B and is capable of 
transcriptionally, translationally, or posttranslationally regulating a metabolic pathway 
5 in C glutamicum, or has one or more activities set forth in Table 1 . Preferably, the 
protein encoded by the nucleic acid molecule is at least about 50-60% homologous to 
one of the sequences in Appendix B, more preferably at least about 60-70% homologous 
to one of the sequences in Appendix B, even more preferably at least about 70-80%, 80- 
90%, 90-95% homologous to one of the sequences in Appendix B. and most preferably 
10 at least about 96%, 97%, 98%, or 99% homologous to one of the sequences in Appendix 
B. 




To determine the percent homology of tvvo amino acid sequences (e.g., one of 
the sequences of Appendix B and a mutant form thereof) or of two nucleic acids, the 



sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in 
1 5 the sequence of one protein or nucleic acid for optima] alignment with the other protein 
or nucleic acid). The amino acid residues or nucleotides at corresponding amino acid 
positions or nucleotide positions are then compared. When a position in one sequence 
(e.g., one of the sequences of Appendix B) is occupied by the same amino acid residue 
or nucleotide as the corresponding position in the other sequence (e.g., a mutant form of 
20 the sequence selected from Appendix B). then the molecules are homologous at that 
position (i.e., as used herein amino acid or nucleic acid "homology" is equivalent to 
amino acid or nucleic acid "identity"). The percent homology between the two 
sequences is a function of the number of identical positions shared by the sequences 
(i.e., % homology = * of identical positions/total ^ of positions x 100). 
1^ 25 An isolated nucleic acid molecule encoding an MR protein homologous to a 

^ protein sequence of Appendix B can be created by introducing one or more nucleotide 

substitutions, additions or deletions into a nucleotide sequence of Appendix A such that 
one or more amino acid substitutions, additions or deletions are introduced into the 
encoded protein. Mutations can be introduced into one of the sequences of Appendix A 
30 by standard techniques, such as site-directed mutagenesis and PCR-mediated 

mutagenesis. Preferably, conservative amino acid substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a 
similar side chain. Families of amino acid residues having similar side chains have been 
35 defined in the art. These families include amino acids with basic side chains (e.g.. 
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparaginc, glutamine, serine, threonine. 
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tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine. 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g.. 
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in an MR 

5 protein is preferably replaced with another amino acid residue from the same side chain 
family. Alternatively, in another embodiment, mutations can be introduced randomly 
along all or part of an MR coding sequence, such as by saturation mutagenesis, and the 
resultant mutants can be screened for an MR activity described herein to identify 
mutants that retain MR activity. Following mutagenesis of one of the sequences of 

1 0 Appendix A, the encoded protein can be expressed recombinantly and the activity of the 
protein can be detenmined using, for example, assays described herein (see Example 8 of 

the Exemplification). 

Tn addition to the nucleic acid molecules encoding MR proteins described above, 
another aspect of the invention pertains to isolated nucleic acid molecules which arc 
1 5 anti sense thereto. An "antisense" nucleic acid comprises a nucleotide sequence which is 
complementary to a "sense" nucleic acid encoding a protein, e.g., complementary to the 
coding strand of a double-stranded cDNA molecule or complementary to an mRNA 
sequence. Accordingly, an antisense nucleic acid can hydrogen bond to a sense nucleic 
acid. The antisense nucleic acid can be complementary to an entire MR coding strand, 
20 or to only a portion thereof In one embodiment, an antisense nucleic acid molecule is 
antisense to a "coding region" of the coding strand of a nucleotide sequence encoding an 
MR protein. The term "coding region" refers to the region of the nucleotide sequence 
comprising codons which are translated into amino acid residues (e.g.. the entire coding 
region of SEQ ID RXA00004 comprises nucleotides 1 to 471 ). In another embodiment, 
the antisense nucleic acid molecule is antisense to a "noncoding region" of the coding 
strand of a nucleotide sequence encoding MR. The term "noncoding region" refers to 5' 
and 3' sequences which flanJ< the coding region that are not translated into amino acids 
(i.e.. also referred to as 5" and 3' untranslated regions). 

Given the coding strand sequences encoding MR disclosed herein (e.g.. the 
30 sequences set forth in Appendix A), antisense nucleic acids of the invention can be 

designed according to the mles of Watson and Crick base pairing. The antisense nucleic 
acid molecule can be complementary to the entire coding region of MR mRNA, but 
more preferably is an oligonucleotide which is antisense to only a portion of the coding 
or noncoding region of MR mRNA. For example, the antisense oligonucleotide can be 
3 5 complementary to the region surrounding the translation start site of MR mRNA. An 
antisense oligonucleotide can be. for example, about 5, 1 0. 1 5, 20. 25. 30, 35, 40, 45 or 
50 nucleotides in length. An antisense nucleic acid of the invention can be constructed 
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using chemical synthesis and enzymatic ligation reactions using procedures known in 
the art. For example, an antisense nucleic acid (e.g.. an antisense oligonucleotide) can 
be chemically synthesized using naturally occurring nucleotides or variously modified 
nucleotides designed to increase the biological stability of the molecules or to increase 
the physical stability of the duplex formed bet^^-een the antisense and sense nucleic 
acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be 
used. Examples of modified nucleotides which can be used to generate the antisense 
nucleic acid include S-fluorouracil. 5-bromouracil, 5-chlorouraciL 5-iodouraciI. 
hypoxanthine. xanthine, 4.acetylcytosine. 5-(carboxyhydroxylmethyl) uracil. 5- 
carboxymcthylaminomethyl-2-thiouridine. 5-carboxymethylaminomethyluracil, 
dihydrouracil. beta-D-galactosylqueosine, inosine, N6-i5opentenyJadenine. 1- 
methylguanine. 1-methylinosine. 2,2-dimethylg:uaninc, 2-mcthyladeninc. 2- 
methylguanine. 3-methylcytosine. 5-methylcytosine. N6-adenine, 7-methyIguanine. 5- 
methylaminomethyluracil. S-methoxyaminomethyl-2-thiouracil. beta-D- 
mamiosylqueosine, 5-methoxycarboxymethyluracil. 5-methoxy uracil. 2-methylthio-N6- 
isopentenyladenine. uracil-5-oxyacetic acid (v). wybutoxosine, pseudouraciK queosine. 
2-thiocytosine. 5-methyl-2-thiouracil, 2-thiouracil. 4-thjouracil. 5-methyluraciU uracil-5- 
oxyacetic acid methylester, uracil-5-oxyacetic acid (v). 5-methyl-2-thiouracil. 3-(3- 
amino-3-N-2-carboxypropyl) uracil. (acp3)w. and 2.6-diaminopurine. Altetrtatively. the 
antisense nucleic acid can be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense orientation (i.e., RNA 
transcribed from the inserted nucleic acid will be of an antisense orientation to a target 
nucleic acid of interest, described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered 
to a cell or generated m situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding an MR protein to thereby inhibit expression of the 
protein, e.g.. by inhibiting transcription and/or translation. Tlie hybridization can be by 
conventional nucleotide complementarity to form a stable duplex, or. for example, in the 
case of an antisense nucleic acid molecule which binds to DNA duplexes, through 
specific interactions in the major groove of the double helix. The antisense molecule can 
be modified such that it specifically binds to a receptor or an antigen expressed on a 
selected cell surface, e.g., by linking the antisense nucleic acid molecule to a peptide or 
an antibody which binds to a cell surface receptor or antigen. The antisense nucleic acid 
molecule can also be delivered to cells using the vectors described herein. To achieve 
sufficient intracellular concentrations of the antisense molecules, vector constructs in 
which the antisense nucleic acid molecule is placed under the control of a strong pol 11 
or pol III promoter are preferred. 
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In yet another embodiment, the antisense nucleic acid molecule of the invention 
is an cx-anomeric nucleic acid molecule. An a-anoi:ieric nucleic acid molecule forms 
specific double-stranded hybrids with complementary RKA in which, contrary to the 
usual P-units, the strands run parallel to each other (Gaultier et aJ. (1987^ Nucleic Ac:ds. 
Res 1 5-6625-6641). The antisense nucleic acid molecule can also compnse a 2 -o- 
methylribonucteotide (Inoue et al. (1987) Nucleic Acids Res. 15:6131-6148) or a 
chimeric RMA-DNA analogue (Inoue et al. (1987) FEBS Lett 215:327-330). 

In still another embodiment, an antisense nucleic acid of the mvention is a 
ribozyme. Ribozymes are catalytic RNA molectiles with ribonuclcase activity which are 
capable of cleaving a single-stranded nucleic acid, such as an mRaNA, to which they 
have a complementary region. Thus, nbo^-ymes (e.g., hammerhead nborymes 
(described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to 
catalytically cleave MR mR.NA transcripts to thereby inhibit translation of MR mR>A. 
A ribozyme having specificity for an MR-encoding nucleic acid can be designed based 
upon the nucleotide sequence of an MR cDNA disclosed herein (i.e., RXA00004 m 
Appendix A). For example, a derivative of a Tetrahyrrre.a L-19 TVS RNA can be 
constructed in which the nucleotide sequence of the active site is complementa^ to the 
nucleotide sequence to be cleaved in an MR-encoding mRNA. See, e.g.. Cech et al. 
US Patent No. 4.987.071 and Cech et al. U.S. Patent No. 5.1 16.742. Alternatively, MR 
mRNA can be used to select a catalytic RNA having a specific ribonuclcase activity 
from a pool of RNA molecules. See, e.g.. Bartel. D. and Szostak, J.W. (1993) Science 

261:1411-1418. . , 

Alternatively. MR gene expression can be inhibited by targeting nucleotide 
sequences complementary to the regulatory region of an MR nucleotide sequence (e.g.. 
an MR promoter and/or enhancers) to form triple helical structures that prevent 
transcn tion of an MR gene in target cells. See generally, Helene. 
Drug Des. 6(6):569-84: Helene. C et al. (1 992) Ar,r^. N Y. Acad. Sc. 660:27-36, and 
Maher. L.J. (1992) Bioassays 14(12):807-15. 

B Recombinant Expression Vectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression 
vectors containing a nucleic acid encoding an MR protein (or a portion thereof). As 
Jed herein, the term "vector" ref.s to a nucleic acid molectUe capable o«rti^ 
anothernucleicacid to which ithasbeenlinked. ^-/^^^ f ^"J^^";' * 
which refers to a circular double stranded DNA loop mto which ^"^^^ 
segments can be ligated. Another type of vector is a viral vector, wherein add^nal 
DNA segments can be ligated into the v^al genome. Certain vectors are capable of 
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autonomcus replication in a hos. «11 into which Aey are mttcduccd e.i.. 
vectors having a bacterial origin of replication and cpisomal manm^alran vectors)^ 0*c 
vectors (e z non-episomal mammalian vectors) are integrated into the genome of a host 
vectors te.g..non p „d ,wi>y are replicated along with Ihe host 

cell upon introduction mto the host cell, ana mereoy are rep . 
genome Moreover, certain vectors are capable of direcUng the expression of genes to 
thich .hey are operatively linked. Such vectors are referred to herein as «press,on 
vlrs-. in genL, expression vectors of utility in recombinant C^ A .e» a. 
often in the form of plasmids. In the present specif.ca.ion. "plasmul and vect^ can 
be used interchangeably as the ptasmid is the most commonly used form of vector. 
However, the invenSon is intended to include such other forms of expression vectors, 
such as viral vectors (e.g.. replication defective retroviriises. adenovuuses and adeno- 
associated viruses), which serve equivalent fiinctions. ,:^,,iH„f 
•nte recombinant expression vectors of the invention compnse a nucle c acd of 
the invention in a form suitable for expression of the nucleic acid in a host cell, wh.ch 
means that the recombinant expression vectors include one or more regulatory 
seauences selected on the basis of the host cells to be used for expression, wh.ch .s 
op"y inked to the nucleic acid sequence to be expressed. Wi.h,n a reeombmant 
:i"ssion vector, "operably linked" is intended to mean that the nucleotide sequence of 
lir^ed to the regulatory sequence(s) in a manner which '3^7 
of *= nucleotide sequence (e.g.. in an in ^,ro transcnpttonrtranslatton system or in 
host cell when the vector is introduced into the hos, cell). The term regulatory 
sequence' is intended to include promoters, enhancers and other expresston con«l 
elements (e.g.. po.yadcnylaHon signals). Such regulatory sequences are descnW. for 
example, in Goeddel; Ge.e Expression T.cHnolo^: M.,>,0^ '".^"^^^^ l^^h 
Academic Press, San Diego, CA (.990). Regulatory sequences ^-' ^J'* 

■ direct constitutive expression of a nucleotide sequence in many types of host el and 
those which direct expression of 4e nucleotide sequence only in certain host ""^ ' 
* be appreciated by those skilled in the art that the design of .he -P-on -or can 
depend on such factors as the choice of the host cell .0 be tr-form^ t^ l-^cf 

- J • J Thp fvnression vectOTS of the invention can oe 
^ exntessicnofprotein desired, etc. The expression c^ivi 

' r^Xed in.: hos. cells to thereby produce proteins or peptides. - 

proteins or peptides, encoded by nucleic acids as described herein (e.g.. MR proteins. 
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mutant forms of MR proteins, fusion proteins, etc.). 

The recombinant expression vectors of the invention can be 
expression of MR proteins in prokaryoUc or eukaryotic cells. ^^J^^^s 
ca^ be expressed in bacterial cells such as C g/urcm.cum. msect oeUs ba 
erpression vectors), yeast and other fUngal cells (see Romanos, M.A. et a.. (1992) 
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• . i„ a review" Keasf 8: 423-^81; van den Hondel. 

•■Foreigngeneexptessiotimyeast.areview.rea.ro. ^ 

C A M J J et al (1991) •'Heterologous gene expression in filamentous fann in: Mcte 
Gene Manipulations in Fungi. J.W. Be^e. & L.L. Usure, eds., p. 396-^28: Academic 
Press: San Diego: and van den Hondel. C.A.M.3.,. & Pun,. P.J. (1991) Oene transfer 
systems and vector development for filamentous togi, in: Applied Molecular Oene ics 
of Fund. Peberdy, J.F. et al.. eds.. p. 1-28, Cambridge University Press: Cambr^ge). 
algae and multicellular plant cells (see Schmidt R. and WiUmitzer, L (1988, High 
efficiency Apoba.,.num «™./.«,e« -mediated transformation of Ara>..dops.s 
I«..aLaf and cotyledon explants" Plan. Cell Rep.: 583-586). or mammalian cells. 
Suitable host cells are discussed further in Goeddet. Cene Expression Uchmlogy: 

.-.-,.0/0^ 185. Academic Press. San Diego, CA (1990). A.'emanve^*= 
recombinant expression vector can be transcribed and translated m vu.o, for example 
using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryo.es is most often carried out vectors 

containing constitutive or inducible promoters directing the expression of either fusion 
or non-fusion proteins. Fusion vectors add a number of amino adds ,0 a protein 
encoded therein, usually to the amino terminus of the recombinant protein^ Such fir n 
vectors typically serve three purposes: 1) to increase expression of recornbinant protem. 
Cincle L solubility of Uie recombinant protein: and 3, to aid ,n ^J^^-^- 
of the recombinant protein by acting as a ligand in affmity purification. Oft--" fi^ion 
expression vectors, a proteolytic cleavage site is introduced at thejun«ion of th fusion 
moiety and the recombinant ptntein to enable separation of the ^-^"'^f'^^ 
ftomThc fusion moiety subsequent to purificaUon of the fusion pn,^in. S-'' J-^- 
and their cognate recognition sequences, include Factor Xa. thrombin and 

Typteal IMsion expression vectors include pGEX (Pharmacia Biotech Inc:Sm^^h 
D B. and lohnson. K.S. (.988) Ge«e 67:3 1-40). pMAL (New Bn^-=' B'olabs Beverly, 
MA) and pWT5 (Pharmacia. Piscataway. NJ) »hich fuse glutathione S-transterase 
To^U 1 L E binding protein, or protein A. respective^. .0 *e ^i^J;-— 
Lein In one embodiment, the coding sequence of the MR protem is cloned mto a 
, j^S^eLssion vectorto create a vector encoding a ftrsion protein compnsing from 
S Im— to the C-temtinus. GST-thrombin cleavage site-X protem. The fusion 

::tlcanbepuri«edby acuity —.^^^^^^^ 
Recombinant MR protein unfused to GST can be recoverea oy 

^Lp;r:r^.able mducible non-fi^smn co» expression vecto. include 
Examples 3Q,.3i5)3j,ipET lld(Studieretal..Cene 
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California (19W 60-891. Target gene expressior> ftom .he pTrc vector relies on ho« 
S^r^Uerasi trar^scHpticn .orn a hybrid trp-iac ^.on p^^^^^^^ 

expression front .he pET vector reiies on transcrtpfon from a Y/"' 

. ji.„^v,v»cQexpres^e<l viral RNA polymerase (T7gnn. Thisviral 
promoter ^ bl2UDE3) or HMSn4<DE3) from a resident X 

polymerase IS supplied by host strains BLi HL^ii 1 ,„i „f ,i,.|.cUV 5 

prophage harboring a T7 gnl gene under the transcnpttonal control of the lacUV 

'~ne strategy to maximize recombinant protein expression is to express *e 

protein in a host bact^a wi.h an impaired capacity to ^r^^'^'y-'^^'^y^^J^l 
■ .r +tocm;.Ti <^ Gene Expression Technology Methods in 

yi;:xrr^~ss -^^^^^^^ — 

X i^o a te'r the nucleic acid sequence of the nucleic acid to be inserted m.o an 

individual codons for each amino acid are ftose 
;;'Z:i^y tt i^dtt bacterium chosen for expression, such as C s>~ 
rwrefi (W2,A..c,e,c^c,-^.i!e.. 20:2111-2118,. Such alteration of nucleic add 
' I^^encls of the invention can be carried out by standard ^-^^^^^^^^ 

In another embodiment, .he MR protein expression vector ^-y'^'^ZT 
vector. Examples of vectors for expression in yeas, S.ccriv,-s»e,ncludepJ^S^^^^^ 

^dari et al ( 1987, Emho J. 6:229-234). pMFa (Ku^an and Herskovvttz, (19821 Cell 
(Baldan.etal..(ivi> )^ ,,o<!7i Gene 541 13-123). and pYES2 (Invitrogen 

r, -,0.011-9431 oJRY88(Schult2etal.,(19S7)tre>te3'».iiJ k 
0 vectorsandmethodsforlheconsttuctionofvectors 

""''"trfortsfi: o*er fU^^^ as the filamentous fungi, include those detailed 

::::^r ^drcwr. punt. P.. (.991, ■•oe^e t.^^^^^^^^^ 

c i A r.n1 if d Molecular Genetics OT t-ungu J -f- 
development for filamentous fungi, in. Applied Moiecuiar 

, J ^ 1 -JR rambridce University Press: Cambndge. 

- ^ ■Dariilnviru.s vectors available tor expression 

usinebactitovirtis expression vectors. Baculovinis vectors ,c^:t>,etal 
Zeins in cultured insect cells (e.g., Sf 9 cells) include the pAc senes <S-^^ 
Tto/. Cell Biol. 3:2156-2165) and thepVL senes (LucklowandSuniniers(19S9) 

JO Virology 1 70:3 1-39). .^^^^^.^^ ^^p^,,ed in 

In another embodiment, the jyjK. proicnu, „ t^e 

. , n rcnrh as aleae) or in plant cells from higher plants (e.g.. the 
unicellular plant cells (such as alg^ o ^^ ^^^^^^ ^^^^^ 

spermatophytes, such .s crop pl^t.)- H^ampl P ^^^^^^^^ ^ ^^^^^^ .^^^ 
those detailed in: Becker, D ^^'^^^L..^ proximal to the left border", Fla. 

plant transfomiation'.Nuc/. Acid Res. 12: 8711-8721. 
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In y=, another embodimenU a nucleic acid of the invenHon is ='=1'-====' 
™a»^ , ceils using a man,malian expression vector. ^x-P'" ° — 
I^ion vectors include pCDMB (Seed. B. ,1987) N.ur. 329:S.O) a.d pMT2PC 
expression ^.187-195) ^wllen used in mammalian cells, the 

cYtomeealov^ms and Simian virus '^u. rui v , * , ir.u,.K p f 

p^k^tic and eukatyotic ceiis sec chapters 16 and 17 of Satn^ook. - 
and M^^iatis. T. MoUculcr Ctonin,: A l.bora,o^ '"'""t M , n= H^bo KY 
H^^or UHorotory. Cold Spring Harbor Laboratory Press. Cold Spnng Harbor. NY. 

,n another embodiment, the recombinant mammalian ^'-^^^ «11 type 
capable of directing expression of the nucleic acid ^^"^'^^^^l^l^^; 
(e g tissue-specific regulatory elements are used to express he nucleic J 
specific reguLiy elements at. known in the a«. No„-,imit,ng ^^^^^^^^^^ 
Issue-specific promoters include the albumin promoter (I.ver-spec.fic. 
^iZenc. L 1 :268.277), lymphoid-specific promoters (Calame 
Z Zno, 43:235-275,, in particidar promoters of T cei, -P'^^j^, "f^^,, 
= „■ , <l 0R91 EMBO J 8-729-733) and immunoglobulins (Baneni et al. (1983) Cell 
Baltimore (1989) EMBO J 1 : „euron-specific promoters 

33:729-740; Queen and Baltimore (198.) '^^« ".J*' .^^^ 86 5473-5477). 

,e.g.. the neurofdament promoter: » ^^^^^ ^^'^^^^^^^^^^^^^^ and mammary 

pancreas-specific promoters (Edlund e. al. ^'^^'^^ '""11 , 5,3,3 ,e and 

.land-specific promoters (e.g.. -'7''!;''—,^^^^^^^^^ promoters 
Suropcan Application Pub ca«n No^ '^^^IZZ.. (KeL'and Oruss ,1990) 
r:r4:3™"rthrropro,empromoter(Campcsand 

'^-"re-:::rLcrpro.desa^^^^^^^^^ 

'''rr^rrt.;:^:"^^^^^^^^^ 
— hrai,o...^^.xp---^^^^^ 

RNA molecule »hich is antisense to MR mRNA. R^Ia ry q 
lln^edtoanucleicacidcloned^n^e.^^^^^ 

the continuous expression of the antisense KJn/^ .eauences can be chosen which 

.„.ancev.a,promo.ersan.or^.n^.c^^^^ 

r::r::::-:-fc:::einrf:nnofar«^^^^^^ 
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or a«d virus m which ...Ucnse nucUic acids are produced under ^-o-^'j^ ^ 
high efficier^cy regulatory region. Ac aciviry of which can be dererm.ned by *c ce„ 
.y; i„.o which .he vector is i„.oduced. For a discussion of the "^'^-- f ^-^ 
expression using antiscnse genes see Weintraub. H. et al Anuseme RKA a a 
molecular tool for genetic analysis. R^e^s - Trends in Ge»c,.«. Vol. 1(1, 1986 

Another aspect of the invention pertains to host cells into whjch a recomb nan, 
expression vector of the invention has been introduced. The ter^s "host cell and 
^' ontbinant host cel." are used interchangeably herein. U is — '^J"^^ 
.erms refer not only to the particular subject cell but to the progeny or ^"'=^-'37 
of such a cell. Because certain modifications may occur in succeedtng gen^attons due 
,0 either mutation or environmental influences, such progeny may 
identical to the parent cell, but are still included withm the scope of the term as used 

A host cell can be any prokatyotic or eukaryotic cell. For example an MR 
protein ca! be expressed in bacteria, cells such as C ,/„,<,™/c.«, insect eel s. ^as or 
mammalian cells (such as Chinese hamster ovary cells (CHO, or COS cell y O her 
.uiuble host cells are known to those skilled in the an. Microorgamsms re at d .0 
U-.e6.c,e..„». stu.on.icu^ -Wch may be conveniently used as host ce Is for the 
nucleic acid and protein molecules of the invention are set forth m J*'"- 3. 

Vector DNA can be introduced into prokaiyotic or eukaiyoHe cells v,a 
conventional transformaUon or transfeCion techniques. As used herein. 
"transformation" and "transfection" are intended to refer to a vanety of ar^-recogn.zed 

translomiation , „,„„ „„^i„> ,oid (e e DNA) into a host cell, mcludmg 

techniques for ntroducmg foreign nucleic acia te.g ^1 '-^J 
ITwul phosphate or calcium chloride co-precipitation. DEAE-dextran-mediated 
; ^rct^npofection.orelec.opora.ion. SuiUble methods for ».nsfonmng or 

rsfecing host cells can be fc^d in Sambrook. et al. C^-"-"'- « ^^^^ 
Laoo ""y laboratory manuals. 

""Tr n^r::ali.^ 

0 expressLn vector and transfection tccM.ue used, only a 

loL the foreign DNA into their genome. In order to idennfy and select these 
i^rTts LeL encodes a selectable marker (e.g.. resistance .0 antibtoUcs, .s 
!l3y "iTt^duced into the host cells along with the gene of 

J5 hygromycin and methotrexate. T>Jucie 

:rre:ra::rr^-=*---^^ 
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acid can be identified by, for example, dnig selection (e.g., cells that have incorporated 
the selectable marker gene will survive, while the other cells die). 

To create a homologous recombinant microorganism, a vector is prepared which 
contains at least a portion of an MR gene into which a deletion, addition or substitution 
has been introduced to thereby alter, e.g.. functionally disrupt, the MR gene. Preferably, 
this MR gene is a Corynebocterium glutamicum MR gene, but it can be a homologue 
from a related bacterium or even from a mammalian, yeast, or insect source. In a 
preferred embodiment, the vector is designed such that, upon homologous 
recombination, the endogenous MR gene is functionally disrupted (i.e.. no longer 
encodes a functional protein; also referred to as a "knock out" vector). Alternatively, 
the vector can be designed such that, upon homologous recombination, the endogenous 
^ MR gene is mutated or othenvise altered but still encodes fimctional protein (e.g.. the 
^ upstream regulatory region can be altered to thereby alter the expression of the 

endogenous MR protein). In the homologous recombination vector, the altered portion 
1 5 of the MR gene is flanked at its 5' and 3" ends by additional nucleic acid of the MR gene 
to allow for homologous recombination to occur between the exogenous MR gene 
carried by the vector and an endogenous MR gene in a microorganism. The additional 
flanking MR nucleic acid is of sufficient length for successful homologous 
recombination with the endogenous gene. Typically, several kilobases of flanking DNA 
20 (both at the 5' and 3 ' ends) are included in the vector (see e.g., Thomas. K.R,, and 
Capecchi. M.R. (1 987) Cell 5 1 : 503 for a description of homologous recombination 
vectors). The vector is introduced into a microorganism (e.g.. by electroporation) and 
cells in which the introduced MR gene has homologously recombined with the 
endogenous MR gene are selected, using art-known techniques. 
25 In another embodiment, recombinant microorganisms can be produced which 

contain selected systems which allow for regulated expression of the introduced gene. 
For example, inclusion of an MR gene on a vector placing it under control of the lac 
operon permits expression of the MR gene only in the presence of IPTG. Such 
regulatory systems are well known in the art. 
30 A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 

culture, can be used to produce (i.e., express) an MR protein. Accordingly, the 
invention further provides methods for producing MR proteins using the host cells of the 
invention. In one embodiment, the method comprises culturing the host cell of 
invention (into which a recombinant expression vector encoding an MR protein has been 
3 5 introduced, or into which genome has been introduced a gene encoding a wild-type or 
altered MR protein) in a suitable medium until MR protein is produced. In another 
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embodiment, the method fiirther comprises isolating MR proteins from the medium or 
the host cell. 

C Isolated MR Pfoteins 
5 Another aspect of the inventioti pertains to isolated MR proteins, and 

biologically active portions thereof. An "isolated" or "purified" protein or biologically 
active portion thereof is substantially free of cellular material when produced by 
recombinant DNA techniques, or chemical precursors or other chemicals when 
chemically synthesized. The language "substantially free of cellular material" includes 
1 0 preparations of MR protein in which the protein is separated from cellular components 
of the cells in which it is naturally or recombinantly produced. In one embodiment, the 
, .\ language "substantially free of cellular material" includes preparations of MR protein 
having less than about 30% (by dry weight) of non-MR protein (also referred to herein 
as a "contaminating protein"), more preferably less than about 20% of non-MR protein, 
1 5 still more preferably less than about 1 0% of non-MR protein, and most preferably less 
than about 5% non-MR protein. When the MR protein or biologically active portion 
thereof is recombinantly produced, it is also preferably substantially free of culture 
medium, i.e.. culture medium represents less than about 20%, more preferably less than 
about 10%. and most preferably less than about 5% of the volume of the protein 
20 preparation. The language "substantially free of chemical precursors or other 

chemicals" includes preparations of MR protein in which the protein is separated from 
chemical precursors or other chemicals which are involved in the synthesis of the 
protein. Tn one embodiment the language "substantially free of chemical precursors or 
other chemicals" includes preparations of MR protein having less than about 30% (by 
25 dry weight) of chemical precursors or non-MR chemicals, more preferably less than 
about 20% chemical precursors or non-MR chemicals, still more preferably less than 
about 10% chemical precursors or non-MR chemicals, and most preferably less than 
about 5% chemical precursors or non-MR chemicals. In preferred embodiments, 
isolated proteins or biologically active portions thereof lack contaminating proteins from 
30 the same organism from which the MR protein is derived. Typically, such proteins are 
produced by recombinant expression of. for example, a C glutamicum MR protein in a 
microorganism such as C. glutamicum. 

An isolated MR protein or a portion thereof of the invention can 
transcriptionally, translationally, or posttranslationally regulate a metabolic pathway in 
3 5 C. glutamicum. or has one or mote of the activities set forth in Table 1 - In preferred 
embodiments, the protein or portion thereof comprises an amino acid sequence which is 
sufficienUy homologous to an amino acid sequence of Appendix B such that the protein 
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or portion thereof maintams the ability to transcriptionally, translationally, or 
posttranslationally regulate a metabolic pathway in C glutamicum. The portion of the 
protein is preferably a biologically active portion as described herein. In another 
preferred embodiment, an MR protein of the invention has an amino acid sequence 
shown in Appendi:^ B- In yet another preferred embodiment, the MR protein has an 
amino acid sequence which is encoded by a nucleotide sequence which hybridizes, e.g.. 
hybridizes under stringent conditions, to a nucleotide sequence of Appendix A. In still 
another preferred embodiment, the MR protein has an amino acid sequence which is 
encoded by a nucleotide sequence that is at least about 50-60%. preferably at least about 
60-70%. more preferably at least about 70-80%, 80-90%, 90-95%, and even more 
preferably at least about 96%, 97%, 98%. 99% or more homologous to one of the ammo 
acid sequences of Appendix B. The preferred MR proteins of the present invention also 
preferably possess at least one of the MR activities described herein. For example, a 
preferred MR protein of the present invention includes an amino acid sequence encoded 
by a nucleotide sequence which hybridizes, e.g.. hybridizes under stringent conditions, 
to a nucleotide sequence of Appendix A, and which can transcriptionally, 
translationally. or posttranslationally regulate a metabolic pathway in C. glutamicum. or 
which has one or more of the activities set forth in Table 1 . 

In other embodiments, the MR protein is substantially homologous to an amino 
acid sequence of Appendix B and retains the functional activity of the protein of one of 
the sequences of Appendix B yet differs in amino acid sequence due to natural variation 
or mutagenesis- as described in detail in subsection T above. Accordingly, in another 
embodiment, the MR protein is a protein which comprises an amino acid sequence 
which is at least about 50-60%, preferably at least about 60-70%, and more preferably at 
least about 70-80. 80-90. 90-95%. and most preferably at least about 96%, 97%, 98%, 
99% or more homologous to an entire amino acid sequence of Appendix B and wh,ch 
has at least one of the MR activities described herein. In another embodiment, the 
invention pertains to a full length C. glutamicum protein which is substantially 
homologous to an entire amino acid sequence of Appendix B. 

Bioloeically active portions of an MR protein include peptides comprismg amino 
acid sequences derived from the amino acid sequence of an MR protein, e.g.. the an 
amino acid sequence shown in Appendix B or the amino acid sequence of a protem 
homologous to an MR protein, which include fewer amino acids than a ft.ll length MR 
protein or the full length protein which is homologous to an MR protein, and exhibit at 
least one activity of an MR protein. Typically, biologically active portions (peptides, 
e g peptides which are, for example. 5, 10, 15, 20, 30, 35. 36, 37. 38. 39. 40. 50. 100 or 
more amino acids in length) comprise a domain or motif with at least one activity of an 
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MR protein. Moreover, other biologically active portions, in which other regions of the 
protein are deleted, can be prepared by recombinant techniques and evaluated for one or 
more of the activities described herein. Preferably, the biologically active portions of an 
MR protein include one or more selected domains/motifs or portions thereof having 
biological activity. 

MR proteins are preferably produced by recombinant DNA techniques. For 
example, a nucleic acid molecule encoding the protein is cloned into an expression 
vector (as described above), the expression vector is introduced into a host cell (as 
described above) and the MR protein is expressed in the host cell. The MR protein can 
then be isolated from the cells by an appropriate purification scheme using standard 
protein purification techniques. Alternative to recombinant expression, an MR protein, 
f polypeptide, or peptide can be synthesized chemically using standard peptide synthesis 

techniques. Moreover, native MR protein can be isolated from cells (e.g.. endothelial 
cells), for example using an anti-MR antibody, which can be produced by standard 
15 techniques utilizing an MR protein or fragment thereof of this invention. 

The invention also provides MR chimeric or fusion proteins. As used herein, an 
MR "chimeric protein" or "fusion protein" comprises an MR polypeptide operatively 
linked to a non-MR polypeptide. An "MR polypeptide" refers to a polypeptide having 
an amino acid sequence corresponding to an MR protein, whereas a "non-MR 
20 polypeptide" refers to a polypeptide having an amino acid sequence corresponding to a 
protein which is not substantially homologous to the MR protein, e.g., a protein which is 
different from the MR protein and which is derived from the same or a different 
organism. Within the fusion protein, the term "operatively linked" is intended to 
indicate that the MR polypeptide and the non-MR polypeptide are fused in-frame to 
each other. The non-MR polypeptide can be fused to the N-terminus or C-temiinus of 
the MR polypeptide. Por exaonple. in one embodiment the fusion protein is a GST-MR 
fusion protein in which the MR sequences are fused to the C-terminus of the GST 
sequences. Such fiision proteins can facilitate the purification of recombinant MR 
proteins. In another embodiment, the fusion protein is an MR protein containing a 
30 heterologous signal sequence at its N-terminus. In certain host cells (e.g., mammalian 
host cells), expression and/or secretion of an MR protein can be increased through use of 

a heterologous signal sequence. 

Preferably, an MR chimeric or fusion protein of the invention is produced by 

standard recombinant DNA techniques. For example, DNA fragments coding for the 
35 different polypeptide sequences are ligated together in-frame in accordance with 
conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termini. 
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ftUing-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undelirable joining, and enzymatic ligation. In another embodiment, the fusion gene 
can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two consecutive gene 
fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example. Current Protocols in Molecular Biology, eds. Ausubel 
et al. John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g.. a GST polypeptide). An MR- 
encoding nucleic acid can be cloned into such an expression vector such that the fusion 
moiety is linked in-ft-ame to the MR protein. 

Homologues of the MR protein can be generated by mutagenesis, e.g., discrete 
if point mutation or truncation of the MR protein. As used herein, the term "homologue" 
refers to a variant form of the MR protein which acts as an agonist or antagonist of the 
1 5 activity of the MR protein. An agonist of the MR protein can retain substantially the 
same, or a subset, of the biological activities of the MR protein. An antagonist of the 
MR protein can inhibit one or more of the activities of the naturally occurring form of 
the MR protein, by. for example, competitively binding to a downstream or upstream 
member of the MR regulatory cascade which includes the MR protein. Thus, the C 
20 glutamicum MR protein and homologues thereof of the present invention may modulate 
the activity of one or more metabolic pathways which MR proteins regulate in this 
microorganism. 

In an alternative embodiment, homologues of the MR protein can be identified 
by screening combinatorial libraries of mutants, e.g., truncation mutants, of the MR 
^,25 protein for MR protein agonist or antagonist activity. In one embodiment, a variegated 
library of MR variants is generated by combinatorial mutagenesis at the nucleic acid 
level and is encoded by a variegated gene library. A variegated library of MR variants 
can be produced by, for example, enzymatically Hgating a mixture of synthetic 
oligonucleotides into gene sequences such that a degenerate set of potential MR 
30 seq~uences is expressible as individual polypeptides, or alternatively, as a set of larger 
fusion proteins (e.g.. for phage display) containing the set of MR sequences therem. 
There are a variety of methods which can be used to produce libraries of potential MR 
homologues from a degenerate oligonucleotide sequence. Chemical synthesis of a 
degenerate gene sequence can be performed in an automatic DNA synthesizer, and the 
35 synthetic gene then ligated into an appropriate expression vector. Use of a degenerate 
set of genes allows for the provision, in one mixture, of all of the sequences encoding 
the desired set of potential MR sequences- Methods for synthesizing degenerate 
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oligonucleotides are known in the art (see/e.g.. Narang, S-A. (1983) Tetrahedron 39:3; 
Itakura et al. (1984) Annu. Rev. Biochem. 53:323: Itakura et al. (1984) Science 
198:1056; Ike etaJ. {XSZ^) Nucleic Acid Res. 11:477. 

In addition, libraries of fragments of the MR protein coding can be used to 
generate a variegated population of MR fragments for screening and subsequent 
selection of homologues of an MR protein. In one embodiment, a library of coding 
sequence fragments can be generated by treating a double stranded PGR fragment of an 
MR coding sequence with a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded DNA. renaturing the DNA to 
form double stranded DNA which can include sense/antisense pairs from different 
nicked products, removing single stranded portions from reformed duplexes by 
treatment with SI nuclease, and ligating the resulting fragment library into an expression 
vector. By this method, an expression library can be derived which encodes N-terminal. 
C-terminal and internal fragments of various sizes of the MR protein. 

Several techniques are known in the art for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 
rapid screening of the gene libraries generated by the combinatorial mutagenesis of MR 
homologues. The most widely used techniques, which are amenable to high through-put 
analysis, for screening large gene libraries t>-pically include cloning the gene library mto 
rcplicable expression vectors, transforming appropriate cells with the resulting library of 
vectors- and expressing the combinatorial genes under conditions in which detection of a 
desired activity facilitates isolation of the vector encoding the gene whose product was 
detected. Recrusive ensemble mutagenesis (REM), a new technique which enhances the 
frequency of functional mutants in the libraries, can be used in combination with the 
screening assays to identify MR homologues (Arkin and Yourvan (1 992) PNAS 
59:781 1-7815: Delgrave et al. (1993) Protein Engineering 6(3):327-331). 

In another embodiment, cell based assays can be exploited to analyze a 
variegated MR library, using methods well known in the art. 

D Uses and Methods of the Invention 

The nucleic acid molecules, proteins, protein homologues, fusion proteins, 
primers, vectors, and host cells described herein can be used in one or more of the 
following methods: identification of C. gluiamicum and related organisms; mapping of 
genomes of organisms related to C glutamicum-, identification and localization of C 
glutamicum sequences of interest; evolutionar>- studies; determinaUon of MR protem 
regions required for function; modulation of an MR protein activity: modulation of the 
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activity of one or more metabolic pathways; and modulation of cellular production of a 
desired compound, such as a fine chemical. 

The MR nucleic acid molecules of the invention have a variety of uses. First, 
they may be used to identify an organism as being Cory^ehacterium glutamicum or a 
5 close relative thereof. Also, they may be used to identify the presence of C glutamicum 
or a relative thereof in a mixed population of microorganisms. The invention provides 
the nucleic acid sequences of a number of C glutamicum genes: by probing the 
extracted genomic DNA of a culture of a unique or mixed population of microorganisms 
under stringent conditions with a probe spanning a region of a C glutamicum gene 
0 which is unique to this organism, one can ascertain whether this organism is present. 
Although Corynebacterium glutamicum itself is nonpathogenic, it is related lo 
pathogenic species, such as Corynebacterium diphthcriae. Detection of such organisms 
is of significant clinical relevance. 

Further, the nucleic acid and protein molecules of the invention may serve as 
1 5 markers for specific reeions of the genome. TTiis has utility not only in the mapping of 
the genome, but also for functional studies of C glutamicum proteins. For example, to 
identify the region of the genome to which a particular C glutamicum DNA-binding 
protein binds, the C. glutamicum genome could be digested, and the fragments incubated 
with the DNA-binding protein. Those which bind the protein may be additionally probed 
20 with the nucleic acid molecules of the invention, preferably with readily detectable 
labels- bindin- of such a nucleic acid molecule to the genome fragment enables the 
localizaUon of the fragment to the genome map of C glutamicum. and. when performed 
multiple times with different enzymes, facilitates a rapid determination of the nucleic 
acid sequence to which the protein binds. Further, the nucleic acid molecules of the 
25 invention may be sufficiently homologous to the sequences of related species such that 
these nucleic ;.cid mdectiles may sewe a. markers for the construction of a genomic 
map in related bacteria, such as Brevfbacferium lacto/ermentum. 

The MR nucleic acid molecules of the invention are also u.seful for evolutionary 
and protein structural studies. The metabolic processes in which the molecules of the 
30 invention participate are utilized by a wide variety of prokaryottc and eukaryot.c cells; 
by comparing the sequence., of the nucleic acid molecules of the present invention to 
those encoding similar enzymes from other organisms, the evolutionary relatedness of 
the organisms can be assessed. Similarly, such a comparison permits an assessment of 
which regions of the sequence are conserved and which are not, which may aid m 
35 determining those regions of the protein which axe essential for the functioning of the 
enzyme This type of determination is of value for protein cnginccnng studies and may 
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give an indication of what the protein can tolerate in terms of mutagenesis without 
losing function. 

Manipulation of the MR nucleic acid molecules of the invention may result in 
the production of MR proteins having functional differences from the wild-type MR 
5 proteins. These proteins may be improved in efficiency or activity, may be present in 
greater numbers in the cell than is usual, or may be decreased in efficiency or activity. 

Such changes in activity may directly modulate the yield, production, and/or 
efficiency of production of one or more fine chemicals from C. glutamicum. For 
example.' by optimizing the activity of an MR protein which activates the transcription 
0 or translation of a gene encoding a biosynthetic protein for a desired fine chemical, or by 
impairing or abrogating the activity of an MR protein which represses the transcription 
or translation of such a gene, one may also increase the activity or rate of activity of that 
biosynthetic pathway due to the presence of increased levels of what may have been a 
limiting enzyme. Similarly, by altering the activity of an MR protein such that it 
15 constitutively posttranslatjonally inactivates a protein involved in a degradation pathway 
for a desired fine chemical, or by altering the aai vity of an MR protein sucb that it 
constitutively represses the transcription or translation of such a gene, one may increase 
the yield and/or rate of production of the fine chemical from the cell, due to decreased 
degradation of the compound. 
20 Further, by modulating the activity of one or more MR proteins, one may 

indirectly stimulate the production or improve the rate of production of one or more fine 
chemicals from the cell due to the interrelatedness of disparate metabolic pathways. For 
example, by increasing the yield, production, and/or efficiency of production by 
activating the expression of one or more lysine biosynthetic enzymes, one may 
.25 concomitantly increase the expression of other compounds, such as other amino acids, 
which the cell would naturally require in greater quantifies when lysine is required in 
greater quantities. Also, regulation of metabolism throughout the cell may be altered 
such that the cell is better able to grow or replicate under the environmental conditions 
of fermentative culture (where nutrient and oxygen supplies may be poor and possibly 
30 toxic waste products in the environment may be at high levels). For example, by 

mutagenizing an MR protein which represses the synthesis of molecules necessary for 
cell membrane production in response to high levels of waste products in the 
extracellular medium (in order to block cell growth and division in suboptimal growth 
conditions) such that it no longer is able to repress such synthesis, one may increase the 
35 growih and multiplication of the cell in cultures even when the growth conditions are 
suboptimal. Such enhanced growth or viability should also increase the yields and/or 
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. . n of a desired ftne chemical frcr. tentative culture, due to the 
rate of production of a de.red ^^^^^^^ 
relatively greater number of cells produ g ^^^^^^ .^^^^^^^ 

„.M. of a f '^^^^ ^„ed in *e Using such s.a.eg,es, 

these strategics will be rcaaiiyapp . H„d„ the nucleic acid and protein 

and incorporating the mechanisms ^-'"-^ "^^'^f/^" „ „la,ed strains 

....esoftheinvenUonn^yh^^^^^^^^^^^^ 

of bactena expressing mutated MR n „ ^ improved. This desired 

^eld and^or emciency ^'^^^^^ which includes the final 

compound may be any natural product o. c „„„aiw.occurring metabolic 

products of biosynthesis pathways and ime™^^^^^^^^^^^^ 

pathways, as well as -"''-'-/'^'f '^^^ ""LL strain of the invention. 
.Mamicun,. but which are produced by a C 
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™s invention is '^^^^^^'^'^ ^^^^..s. pLn, .ppHca«ons. p«=nt.. and 
cons^cd as app.iLon a. h.=b. inco^o.<=d 

published patent applications cUed thro g 

by reference. 

„ of total gnomic DN A ol Con^neHacUrium glu^nacum 
EMUiple 1: Preparation ol total gen 

.entrifilgation. the supc^ta.. ^^as d,s ^ 

bufftr-I (5% of the original volume of ,he cultu, ^^^^^^ 
2.<t6 MgSO, X 7HP. 10 mW mPO. so ^ ^ 

X H.O. 10 mg/1 ZnSO. x 7 H.O. 3 mg „„,plexing agent 

,HA.»g/.Kia=x5HA3n,»«Na^M^O H.o5^ „^ 

inn ml/1 vitamins-mix lu.-^: x ^ 
,E0TA Ol cntic acid, 00 mi l ^ ...panthothenatc. 140 mgA 

"^'-™'"f:f V i;.: hvdiochlolide. 200 ..^ n,yo-ino.tol,. Lvso^me 
nicotinic add. 40 mg/1 ' „f ,.5 Aftei an 

„^ .dded .0 the suspension .0 a final con ^^^^ ^^^^^^ 

5 Pto,oplastsa,ehar.estedbycen«^^^^^^ 

-^-'-^-"td : L"^Land0.3n-SOSso.u«onC10..and0.^^ 
pellet <vas resuspended m 4 nJ T „^ kinase K to a fma! concentration of 

NaCl solntion (5 M) are added. After ='^<'"'» ° ^ .^^ p„rtf,=d by 

,00 the suspension is ^^-^/^^j^J'^.^.^,,, ^d cWorofomi- 

30 exaction with phenol. phenol.chlorofo.^---y ^^^^^^^^^^^ 

isoamylalcohol using standari ,„„„.ed by a 30 min 

USO volume of 3 M sodium acetate -"^^^^^ ^ , speed centrifiige 

..uba.lonat.0=C.da30tnmc.^^^^^^^ 

using a SS34 rotor (Sorvain. The U(N/v 
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analysed DNA so.uuon, 0.^ n,l of 2 M UCl 

..sco.He.e..Ha.».0«™a.,>-^^^ 
p^ared by this procedure could be u 

construction of genomic libranes. 

. ■ . in E,c/.erW.te «« of Carynel,«c,ermm 
.„n.p.e.:Co«.n.C.nof.eno.n.cUb»nes»e.c 

) g,„,a«icu«ATCC13032. , ,,„,ri„ed in Example 1. cosmid and pla^nud 

Starting ^om DKA prepared « d^^ ^^^^^.^^^^ , 

,i,,„e, «e.e cons.rt.ctod accordtng to tao^™ sp„„, 
Lbroo..^e..ni.S9V— C,on.™.A .^^^^^ 
HarborUboratoryPress.orAusubc,.F.M.« 

15 Biolo^-.Jota Wiley & Sons.) of particular use were the plasmids pBI02 

An, plasmid or cosmid could ''„.3,3,.3,4n., pACYC177 (Change *= 

<Su.c.i.rc, :.0. (1.7,1 Proc. Katl. ^^^^'^^^^ pBS series (pBSSK.. pBSSK- and 
Cohen ,197S, Bacteriol 13.:- ^ '-'^^^^.U"^, (Stratagene. Ua^oUa. USA> or 

20 Loriste (Gibson, T.J..Ros»' 

Example 3= DNA Se,uendng ana Compu'a^^^^^^^^ 

0.„o.,c libraries a. descried »E.^P ^^^^^^^^ 

accenting to standard methods -n ^^^^J , 3I. (199« ••^Vho.e.6enome 

,5 ^3077 sequencing machines (see ^-^^'^^^^^ M., Science. 269:«6- 

K.ndom sequencing and AssemUy "J ™ «ere used: S'- 

,,,, SequencingpHmers^ththefolow^g^^^^^^^^^^^ 

OOAAACAOTATGACCATG-3 or5-GT 

30 Example 4: /« vivo Mutagenesis ^rf„^.d by passage of 

,„ vivc mutagenesis o^^^'^^rTor ler microorganisms (e.g. B-*"- " 

,.asmid(oro.her.ctor,DHA.^;^-;;-^^^^^ 
yeasts such as S<.cc»u,rom,':« cer.v«,«) 
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" • ,™u«or strains have n-utations in the g=«s 
in^srity oC*e. ..ne.U info—. TVP-^^ J ,.,p. W.O. 

t I DNA .pair s,s.c« (.S- -MLS. mu^, mu.T^ ^ ^ ,sM: 

WasMns^n., Su=h s»ins a.e ^^^^'^lan. M. (.9,., — 
mus«a.ed.fotexan,.le.inOre=n=r.A.an4 

j,„,a«.fcu« . ^4 B.,w6««ri«". species conuin endogenous 

Several CoO'-'.<.c..r,„« and Bre 6 ,^,,„„„ously Cfor«v,ew see. c.g 

, ,ia.n,iasCase.S.,pHMlSi9orpBLn.H.^^^^^^^^^ SHuUie vec«rs for E.c.e.c«. c» • 

l^anin. yV.e, C^^'^ constructed b, usins standard vectors Cor 

I' and Co,7n^*«'-"« " . r rConing: A Laboratory Manual". Cold 

spring Harbor Laboratory ^-ress or AusubeL ^^^^^^^.^^ , 

,3 MoleL.arBiology■^3obnWi,ey^Son.»-^^^^ Sucb origins of rcp-icatron 

..itable marker front Co^^^^-"""J^l ^ Co-..e.ac,c.u. and 

.e preferabiy .a.en fro. ^^^^^^..^^ation markers for tbese speces are 

S.^^,ac.r,u. species. 0^^-'^^^^^^ Tn5 or Tn903 

„nes for kananrycin resistance (sucb as th«e ^^^^ ^,„„„ _ 

.0 «ansposons)orcbloran,pHenicoU«-^^^^^ are nt^nterous examples ,ntb= 

introduction to Gene Technology. VCH. ^^U^te .n both E. 

f,b.constiucUonofa«idevanetyofshu i„^,uding gene over- 

HteraMreoftheconstru can be used for several purposes, m ,5,7, 

.oli W C g/u«""c».«. and v,h.ch can b ^^^^^ ^ 162.59I 59 

expression (for reference, sec e^.. Yo ^.^^^ 3 ^ ^, 0991) Q 

« Martin LF.ctal. (1987, Biotechnology. 5.13 

'0^^«-''^- . ■.■ oossibletocloneageneofinterestintooneofthe 

using standard methods, tt rs posstble ^^^^^ .^^^ ,t 

.,„«e vectors desCbed above .dto ..^^J^ ^ ^ ,^by 

e.,„e.c,e....— 

re::::ar;;:rretai.(.s..Ms^^^^^^ 
----.%rr:ir^^^^^ 

(t990^J.Bactenol. nz.iooj 



£. cofi strain, such as I 

„e be. ttet the mutant prote ^^^,ato *^' 'io. to 

. ,„frt,e«ild-tyP=P'<"""- ^ available ft" , 

tothatofthe . of ttie amount of mBMAs ,„Me Ausubel et al. 

^7"::::er-;e..ot<fo.ef.^^^^^^^^^ 

. ,o bind to the gotte of interest ,s labele _^^^^„„ 
ovehentiltanm"'^^"'''' _j „ ^ stable matrix and tncubated «,y 

^ ^, all weU-kno^vn m the art. sucrt 

, r 1 088) C^ent Vroioc"^^ m Moi electrophoresis, transteir ^ 

al. < 1 988) t. extraeted. separated by gel ^ibody. "h-'h 

total cellular ptotems ate exit ^^fl, a probe, such as an an 

.„.h as nitrocellulose, and ^^^^^ 
speciftcallybindstothedes^P- ^^^^^„^^,.„3di^^ 
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Example 7- Growth of Gen.t.ca>. 

and culture CondWous ^„ ^y„fl,,ac or na^^l growth 

A number ofdifferent gro-* ^.^ 3,,,,,taoU 32:205-210. von dcr 

Osten . Cl'W Biotechnology ^^^^ ^ „ „. b^o»s. A. eds. 
..T,e Genus Co^netaceHur.. ,n-. J ^^^.^^ ,„^„s, nirroge. sources, 

3^„,„.Ver>ag. Tbese .edia ^^^^^^ ,„^„ source, are sugars, sue. as 

,„„g3.ic salts, vitanuns and trace cle^- ^^^^^^^ ^3,,„„,. 

.ono-, di-. or polysaeeharldes. For e^P^J^ ^^^^ as 

..ose, sorbose, rlbu.ose, Uetose. '^^^^^ „ ,He «e«a via complex 
...goodearbonsourees. " -^Xp^- sugar rermement. Ucan alsobe 
compounds such as molasses or o*er W ^^^^^ .ar^n 

advantageous to supply mixtures of drff«^t ^^^^ „ ,3c„c 

sources are alcohols and -S--;-^--*"; „,„,en compounds, or matenals 

....It^gensoureesareus^lly^S-^^ 

„hichcon.^n these compounds. ^""^^ ^^^H, nitrates, urea, amino ac.ds or 

onia salts such as NH.Cl or (NH0.SO.. NH. _ 
anunoma salts. ,^ bean flour, soy 

con^plex nitrogen sources 1*0 com 

0 extract, meat extract and others. ^^ii, include the 

rfc salt compounds »h.ch may be ^ ^^^^^^^ 

cHlo.de-.phosphorous.orsulf.te.saltsoC-um. g^^^^^^^^^^ 

„clvbden^. PO-sium. manganese -^^r^^^. Particularly useful che.atmg 
^aedtothemedlumto.eeptheme..n^n^" ^^^^^^^ 

,5 compounds include dihyd-^xyphen*. hke c> factors, such as 

. His typical for the mediate also e ...^navin. thiamin, fo^ 

such as citric aeid. U IS typ „,„ of v,hich include biotm.nbonavm. 

or gro^vth promoters. "-^'" J^ factors and salts f.e,uently 

3cld.nlco.inicaeid.pantothenateandpy^<^-a^ ^^^^^^ ^^^^^^^^^ 

originate ftom complex media compo »ts depends strongly on 

30 Zor and others. The exact co-Po;«»^*;^,^, „ch specific case. Informauon 
^eimmediateexperimentandisi— ^^^^ 
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— - (M=-) <-^^^:^Z^ Z — . , .3 ana 

All medium components are stenll ^ ^ ^ 

nrc, c. W .crile f— . The '-P-^J^^^^ ,,,i^„, of grow*. 
5 necessary. sepaa.ely. All media components canb p. - 
..evcanoptionanybeaddedconunuous^o^^^^^^^^^ 

C.U„e conditions are define^ — ^ 
.houldbe in arange between 15 C an ^ ^ ^^^^^^^ ^^^^ ^„ 

be altered during the expenment. The pH ^^^^ ^^^^ 

,0 S.. preferably around .0. and can be n,a,n.a.e^^V*^a^^^ ^^^^ Synthetic buyers 

An exemplary buffer for this purpose .s a P"'-- ^^^^ ,„„,.„eously be used. It 
# suehasMOPS,HBPBSACBS.do..^^^^^^ 

is also possible to mamtam a constant cultu p ^^^^^^ ^^.^.^^ 

* tr- •^r>iRv medium components sucn <i:> y^<^ 
NH.OH during growth. If complex medm P ^^^^ ^^^^ ^^^^^^^ 

is selected inorder.opermi,.hetn..mal ^-- P^^^^^^^^ 
,0 broth. Thed.sc,osed^o..he.perim^.«scanb^^^ _ 
microtiterplates, glass tubes, glass flasks or 8'-= 
.orscree„inga.argenutnberofc.nes^~^^ 

t ■ ..cro....r p..- Sl»s -"""-^^ of the re,uited growth 

,00 ml shake na.sks are used, flUed vntn (,„p,i«de 25 mml using a 

,5 medium. The flasks should be shaken on a r^^ sh^e^ P ^^^^^^ 

.peed-rangeoflOO SOO.m.B^^^^^^^ 
of a humid atmosphere; aHematrveiy. 

should be performed. „ «sted an unmodified control clone or a control 

,f genetically modified clones are tested The medium 

30 clonecontain,ngthebasicp,asmia».tho.^^^^^^ 

inoculated to an OD.o. of 0.5 -1.5 usmg ^ ^^^^ ^^^^ , 

(,0 gn glucose. 2.5 g/1 NaCl. 2 gn urea. 0 g^J JPeP ^ 
extract. 22 gA NaCl. 2 s^l urea. 10 gA polypeptone, g/l y 
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1. 4.=^ t.f -^DT Inoculation of the 

from CM plates or addition of a Uqmd precul 

e.«bHshea in the an. Experiments » — J .^Wd^lvpe en^me. which i= -eU 

be tailored to '''"'^^'^^"U about e:^es in genera.. ^ 
^thin the ability of one skilled ^^l,^^,. applications and 

,0 as specifc details concerning ~ " may be found, for example. ,n 

examples for the ^.^^.b. E.C (^79, En^es. Lonpr^s. 

the following references: D«on. M^an^^ ^...anism. Freeman: l^ew Yotk; 
^" London; Fersht. (1985, ^^'^'.='"'"'^3^ P^an: San Francisco: Pr.ce, N.C.. 
Walsh. (19791 Enzymatic ^-^^ ^""^^^ Oxford Univ. Press: Oxford: Boyer. 
Stevens. L. (.9S2) f rdel^P^ss: Hev, York: Biss^ange.. 
P.O.. ed. ^>'«31 TheEnj-^^^ ^^^^^ 33„30„3,5,: Bergmey- H.U^ 

(199'')Enzymk.net.k.2 ^o.^MethodsofEn^cymatic Analysis, 3 ed vol. 

Bergn,cycr. ... Ora»l. --^ jl't- Zl's Encyclopedia of Industrial Ch^-S^V 
1 XII Vetlag Chemie: Weinneim. <" -eo -163 

l-Aii. «<•■ e urH- Weinhemi.p. t^^iu 

( , 987) vol. A9. "Enzymes . VCH. several -veil 

Tte activity of proteins v-h.ch ^'"^"ZL (also called gel retardation assays), 
established methods, such as DNA "^"'^-''^^^X „„,„„,es can be measured using 
The effect of such proteins on the ^^-^J'^^^^'J^h. e. al. ( 1995) EMBO J. 1-: 
reporter gene assays (such as '^^^^'^'^'^^Z^ test sysums a« »ell kno- and 
3;5-390. and references ^'^l^Xt ^Z.^.,^ cells, using en^mes such as 
established for appLcanons m both pro 

^ta-galactosidase. green flucn^scent PJ^^ „^ ,^.eins can be performed 

The determination of actrvrty of membran ^^^^ „p^^ 

accordingtotec^i^uessuch.thos^-^^^^^ 

50 Channels artd Transporte^ • - ^ ome ^ 
Springer; Heidelberg, p. S5-137. ivy, 

.h. Production of the D«il-ed 
..rnple,; Analyses orlmpaCofMutantP™—-.— 

'"-"^effectofthegene.cmodi..o.nC.^^^^^^^^^^^^^ 

-::-rurs-:b-:;r^^^ 
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+ f„r increased production of the desired 
medium and/or *c cdMar "-P''"^"*.^'':'"^"^'^, ^,1 ^own ,0 one skilled in 

tt,e 3«, and include ^^^^^^^^^^^cTL^ois. L analytical cWacography 

various kinds, enzymatic and m.crob.oiog. 

such as high per—c liquid chrotnatography (see^or^- P 

Encyclopedia of mdustna, C^--*^; ^'^ ..;,pp„ca.ions of HPLC in Biochemist^" in: 
weinheim (19S5); Fa^n. ^ ^^^^^^ ^.^^^^ « al. 

Lahoratory Techmques >" ^ «he«.s -7 ^^^^ punficaUon", page 

(1993) Biotechnology, vol. 3. CW^'' " ^ Bioseparations: do^vnstream 

.e,..U.VCH:Weinh=im:Be-^^^^^^ 

processing for biotechnology. John Wiley Shaeivvitz. 
992) Recover, processes for biological ™<-^'^ J^.^ Encvclopedia of 

',A. and He«y. J.D. i^^ Bi"^''-^" ^j;^" " ^^^.'^eTrfieim; and Dechow. 
,ndus.Hal Chemistry, vol. B3^^Chap « 

F.J. (1989:) Separation and purification tecnniqu 
Publications.) , ^uct of fermentation, it is also 

,„ addition to the f;^*/;;^^,,, p,,Wys utilised for a,e 

possible to analyze other ""'^f*'^ "^.^.^Ls and side-products, to 
production of the desired compound such ^ „f production of the 

,0 aetermine.heoveraUyieM.P— and^^^^^^^^ 

compound. Analysis methods include m ,^„,,. measurements 

(e.,.. sugars, hydrocarbons nitrogen sou. , metabolites 

of biomass composition and gro«.h. ^-'j'^ f * " , .^^ng fermemation. 
of biosynthetic pathways, and -^asurcm en. of gas^^P ^.^^^^ p^^^.^,„^, 

,3 standardm^hodsforthe^m— .3.^^^^^^^^ 

.„mp,e or .He .e.ea -au^ ^^r" 

Recovery of to desired P~*-' ^» „ell known in the ar,. 

the above-described culture can De perro 

can be harvested from the 

,f the desired product is not secrCed f^-^J^;*;' , ^.^^aard techniques, such 
cul«ire by low-speed -•'^J^^^;^^^ ...^s is removed by ccntdfi^gation, and 
as mechanical force or somcation. The cel.u 
33 the supema^nt ftacSon containing^e so^« ^ C 

purification of Uie desired compound. If ttopto 
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cells, then Ae cells arc removed from the '"'""'^ ' 

,upcma« fraction is M ^'f*" method is subjected to 

The supernatant ftactton fron, ^^^^'f;^^,^^, either retained on 

ehrontatography ^'itb a suitable res.n. „ „^ ^ not, or «her= the 

5 a chromatography resin while n,any chromatography steps 

i^puHties are retained by the -"J^ = ^/H^^. chromatography resins. One. 
-V ^ repeated as of appropriate chromatography 

skilled in the art would be ^ ^icular molecule to be punfied. 

resins and in their most efficacous ^^'^^^^J^ ^, ultrafiltration, and stored a. a 
,0 The purifted product may ^-';^^:lX^T^^r.^^ 

.emperature at which the ^'^^''^'^^^^.^^^ ,„o^ to the art and the 
There are a wide „„King. Such purification 

» preceding method of pur.Ecat.on ts D.^. Biochemical 

♦ techniques are ^'^^-^^'■'^'"^l^Zv^Z^^^^ 
,5 Engineering Fundamen«l.s. McCHaw-ft^ ^ ^^^^^^ 

The identity and pur.ty of the ""'^'^^ J chromatography (HPLO. 

.^ndard in the art. These include ^-"r^P^^- '^"^ 

spectroscopic methods, stainmg "^^f ' ^"^^^ „.iewed in: Patek et al. 
L,.ormicrobio,o^cal..Sucan^.y.^^^^^ 

20 £»..•'•'"'.«":'■■''"•''•*''■ F„„„.er ,9:67-70.Ulmarm-sEncyc1oped,a 

3rand Schmidt e. al. C^'^^f ^^'^ vCH Welnheim, p. SO.,0, p. 521-5.0, p- 5.0- 
„f industrial Chemistry, 1996, vol. A2 , ^^^^^ Biochemical Pathways: An 

547. p. 559-566, 575-581 and p. ^ 
MlasofBiochcmistryandMoU^^^^^^^ 

'5aHii:2l!!H*S „^:^e or will be able to ascertain using no more 

^-^s. skilled in the art wUl -oS"-- ;/ ' embodiments of the 

foUowng claims. 
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Appendix A & B 



»RXA02747-aittino acid sequence 
(1-207 6, translated) 692 residues 

MNNPAQIiRQD TEKEVUSlLLG SLVLPAGTAL AATGSIARSE LTPYSDLDLI LIHPPGATPD GVEDLWYPIW 
DAKKKLDYSV RTPDECVAMI SADSTAAXAM LDLRFVAGDE DLCAKTRRRI VEKWRQELNK NFDAWDTAI 
ARWRRSGPW AMTRPDLKHG RGGUEU^FELI KAIALGHLCN LPQLDAQHQL LLDARTLLHV HARRSRDVLD 
PEFAVDVAMD LGFVDRYHLG REIADAARAI DDGLTTALAT ARGILPRRTG FAFRNASKRP UDUDWDANG 
TIELSKKPDL NDPALPLRVA AAAATTGLPV AESTWVRLNE CPPIiPEPWPA NAAGDFFRIL SSPKNSRRW 
KNMDRHGLWS RFVPE^RIK GIiMPREPSHI STIDEHSIiNT VAGCALETVT VARPDLLVLG ALYHDIGKGF 
PRPHEQVGAE MVARAASRMG LNLRDRASVQ TLVAEHTAVA KIAARUDPSS EGAVDKLLDA VRYDLVTLNL 
LEVLTEADAK ATGPGVWTAR LEHALRIVCK RARDRLTDIR PVAPMIAPRS EIGLVERDGV FTVQWHGEDL 
HRIIiGVIYAK GWTITAARML ANGQWSAEFD VRANGPQDFD PQHFLQAYQS GVFSEVPIPA LGITATFWHG 
NTI-EVRTEIiR TGAIFAI*LRT LPDTOiWINAV TRGATIillQA ALKPGFDRAT VERSWRSLA GS 
>RXA02747-nucleotide sequence A: upstream 

CACCGGCAAAGTCGGCGACGGCAAAGTGTGGATGACTAACATCGAAGAGCTGGTTCGTGTTCGTACCGGTGAG^ 
GCGAAGCAGCCCTTTAAAAACTT 

>RXA02747-nucleotide sequence B: coding region 

ATGAATAATCCAGCCCAGCTGCGCCAAGATACTGAAAAGGAAGTCCTGGCGTTGCTGGGCTCTTTGGTTTTACCC^ 
CGGCACCGCGCTTGCCGCCACCGGATCTTTGGCCAGGTCCGAACTCACGCCGTATTCCGATTTGGACCTCATTTTGA 
TCCATCCACCAGGAGCCACCCC6GATGGCGTGGAGGATTTGTGGTACCCGATTTGGGACGCAAAAAAGCGTCTCGAC 
TACTCCGTGCGCACCCCAGATGAGTGTGTGGCTATGATTTCTGCGGATTCCACTGCAGCCCTTGCCATGCTTGACCT 
GCGGTTTGTCGCTGGCGATGAGGATCTGTGTGCCAAAACGCGCCGGCGCATCGTGGAGAAGTGGCGCCAGGAA 
ACAAAAACTTCGATGCCGTTGTGGACACCGCGATTGCCCGTTGGCGCCGCTCCGGACCCGTCGTGGCAATGAC6CGG 
CCAGATCTTAAACy^CGGCAGGGGAGGGCTGCGCGATTTCGAACTGATCAAGGCCCTCGCGCTCC^ 
CCTTCCy^CJ^GCTTGATGCGCAACACCyiGCTGCTTCTCGACGCCCGCACCTTGCTGCACGTCCACGCC^ 
GCGACGTCCTTGACCCCGAATTTGCGGT6GATGTGGCCATGGATTTGGGCTTTGTTGACCGCTATCACCTGGGCCGG 
GAGATCGCCGATGCAGCCCGCGCCATTGATGATGGCCTGACCACCGCGCTGGCCACCGCCCGTGGCATTTTGC^ 
TCGCy^CAGGTTTTGCATTCAGGAATGCTTCTCGACGCCCACTTGATCTTGATGTCGTCGACGCCAACGGCACCAT^ 
AATTGTCCAAAAAACCAGATCTTAATGATCCCGCACTTCCy^CTTCGAGTGGCCGCAGCCGCy^GCAACCACCG^ 
CCGGTGGCAGAATCAACCTGGGTTCGACTTAATGAATGCCCGCCACTTCCTGAGCCATGGCCTGCCAATGC^ 
GGACTTCTTTCGGATTCTCTCCAGTCCGAAAAACTCACGCCGAGTGGTGAAAAATATGGATCGCCACGGATTGTGGT 
CGCGTTTTGTTCCAGAATGGGACCGCATCAAAGGGCTTATGCCCCGTGAACCCAGCCATATTTCCACC^ 
CATAGTCTGAACACTGTTGCAGGATGTGCGCTAGAAACTGTGACCGTCGCGCGCCCC6ATCTTTTAGTTTTGGGAGC 
CTTGTACCACGACATTGGCAAGGGCTTCCCGCGTCCACACGAACAAGTAGGTGCAGAGATGGTGGCG^ 
GCCGCATGGGATTGAACCTTCGCGATCGTGCCAGCGTGCAAACGCTGGTCGCCGAGCACACCGCGGTGGCC^^ 
GCCGCGCGCCTTGATCCCTCCTCGGAGGGCGCCGTCGATAAGCTGCTTGATGCTGTTAGGTATGACCTGGTGACATT 
GAATCTGCTTGAGGTGCTAACAGAAGCTGATGCGAAAGCCACGGGGCCTGGCGTGTGGACGGCGCGTTTG^ 
CGCTGCGGATTGTGTGCAAGCGTGCGCGTGATCGCCTCACCGATATTCGCCCGGTTGCGCCGATGATTGCGCCACGT 
AGTGAAATTGGTTTGGTGGAACGCGATGGCGTGTTCACAGTGCAATGGCACGGCGAAGACTTACATCGG^ 
CGTAATTTATGCCAAAGGATGGACAATCACCGCGGCGeGCATGCTGGCCAATGGT 
I TCCGCGCAAACGGCCCCCAAGATTTTGATCCGCAGCATTTCCTGCAGGCATATCAATCCGGTG 
CCCATTCCAGCACTTGGGATAACAGCCACATTTTGGCACGGGAACACTTTAGAAGTGCGCACTG^ 
AGCTATTTTTGCCCTGCTCAGAACATTGCCCGATGCCCTCTGGATCAACGCTGTGACCCGCGGTGCGACCCTGATTA 
TCCAGGCAGCACTGAAGCCCGGCTTCGATCGAGCAACGGTGGAACGCTCCGTAGTCAGGTCGTTGGCAGGTAGC 
>RXA02747 -nucleotide sequence C: downstream 
TGACGTGACCTGAGCGGGGGCAA 



BASF Aktiengesellscliaft 990637 O.Z. 0050/50144 

Appendix A & B 

»RXA02699-amino acid sequence 
(1-2148, translated) 716 residues 

MSTVYRCLDL RLGRSMAIiKV MEEDFVDDPI FRQRSRREAR SMAQLNHPNI* VNVYDFSATD GLVYLVMELI 
TGGTLRELLA ERGPMPPHAA VGVMRGVLTG lAAAHRAGMV HRDIKPDNVL INSDHQVKLS DFGLVRAAHA 
GQSQDNQIVG TVAYLSPEQV EGGEIGPASD VYSAGIVLFE liLTGTTPFSG EDDLDHAYAR LTEWPAPSS 
IiIDGVPSLID ELVATATSIN PEDRFDDSGE FLSALEDVAT ELSLPAFRVP VPVNSAANRA NAQVPDAQPT 
DMFTTHIPKT PEPDHTAIIP VASANETSII. PAQNMAQNMA QNPLQPPEPD FAPEPPPDTA IiNIQDQELAR 
ADEPEINTVS NRSKLKLTLW SIFWAVIAA VAVGGWWFGS GRYGEIPQVL GMDEVQAVAV VEEAGFVAVA 
EPQYDNEVPT GSIIGTEPSF GERLPRGEDV SVLVSQGRPV VPDLSEDRSL STVREELEQR TFVWVDGPGE 
YSDDVPEGQV VSFTPSSGTQ LDVGETVQIH LSRGPAPVEI PDVSGMGVDQ ATRVLERAGI* SVERTEEGFD 
AETPNGDVYG TSPKVSTEVK RGTSWLQVS NAISVPDWG MTKDEATAAL AEEGLWAST SIIPGEAASS 
ADAWTVEPE SGSRVDPAHP QVSLGLAGEI QVPSWGRKV SDARSILEEA GLTLTTDADD NDRIYSQTPR 
ARSEVSVGGE VTVRAF 

>RXA02699-nucleotide sequence A: upstream 

TTGTGTACCTTCCGACATACTGGAACGCATGGCAAACTTGAAGGTCGGTGACGTTTTAGAGGACAGGTATCGGAT 
AAACTCCGATTGCCCGGGGTGGT 

>RXA02699-nucleotide sequence B: coding region 

atgtctaccgt6tacaggtgccttgatcttcgtttaggacgttccatggcgcttaaagtcatggaagaagatttcgt 

tgatgatcccattttccggcagcgttcccgtagggaagctcggtcaatggcgcagctaaatcatcca^ 

atgtgtatgatttttccgctactgacggtttggtgtatctggtgatggagttaatcactggtggcaccttgcgtgag 

ttgctggctgagcggggacctatgcccccgcatgctgctgtgggcgttatgcgtggggtgctcacgggtctcgcgg^ 

tgccc:accgggcgggcatggtgcaccgggatatcaagcctgacaacgtgttgatc?^tagt^ 

tgtctgatttcggcttggttcgagcggctcacgccggccagtctcaggacaatcagattgtgggcacggtg^ 

ctttcccctgaggaggttgagggcggtgagatcgggccggccagcgacgtgtattcggcaggcattgtgctctttga 

gctgctcacaggcaccacgcctttttcgggcgaggatgatctcgaccatgcatacgcccgccttacggaagtcgttc 

cggcaccgagttcgcttatcgacggcgtcccctccctcatcgatgagcttgtcgcgacagctacctccattaatcct 

gaggatcgtttcgatgattctggagagtttttgtccgcactggaa6atgtcgcaacagagttgagcttgccggcttt 

ccgggtccctgtgccggttaattccgcagccaatagggctaatgcccyvggtcccggatgctcagccaactgatat 

ttaccacccatatccccaagactcctgagcctgatcacactgcgatcattccggtggcctcagcaaatc^ 

attctgcctgcgcaaaacatggcacaaaatatggcgcagaatccgctgcaacctccggaacc^ 

gccacctccggacacagcgctgaatattcaagatcaagagcttgcgcgcgccgatgagcc^ 

gcju^tcgttccyu^ttgaagctgacgttgtggtcaattttcgtggtcgcagtgatcgctgctgttgctgtt 

tggtggttcggttcaggccgttacggtgagattccgcaggtgttgggcatggatgaggtcca6gcagtagctgttgt 

agaggaagctggtttcgtggcagtggctgaacctcagtatgacaatgaggttcccactggttcgattattgggactg 

aaccttcttttggtgagcgccttcctcgcggcgaggatgtttctgtcctcgtctctcaagggcgtcccgtggtgccg 

gatcttagcgaggatcgatccttaagcaccgttcgtgaagagttggaacagcgcacgttcgtctgggttgatggccc 

aggtgaatattctgacgatgttccagaaggacaagtagtttcttttacaccgtcgtcaggcacgcagcttgatgttg 

gtgaaaccgtgcagatccatttgagccgaggccccgccccggttgagattcctgatgtctctggcatgggagtggat 

caggcaacacgtgtgttggagcgcgcaggtttgagcgtcgagcgtactgaagaaggctttgatgctgaga^ 

.tggtgatgtctacgggacttcgcccaaggtatctactgaggtcaagcgcggaacctctgttgtgctgcaggtgtcc^ 

atgctatttcggtaccggatgtggtgggtatgaccaaggacgaagccaccgcggcgcttgcggaagaaggattggtc 

gtggcgtcgacaagcattattcctggtgaggcggcgagctccgctgacgccgtcgtgaccgtcgagcctgaatccgg 

cagccgcgttgatccagcgcatccgcaggtcagcctcgggttagctggggagattcaagttccaagcgttc 

gtaaggttagcgatgctcgaagcattctggaagaagccggtttaacgctgacaactgatgcggacgacaacgatc 

atttatagtcaaacccctcgtgcacgcagcgaagtctcggtagggggagaagttacagtaagggcgttt 

>RXA02699-nucleotide sequence C: downstream 
TAGTGGTTCCCTCGTTGCAGCAA 
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Appendix A & B 

»RXAO 1272 -amino acid sequence 
(1-603, translated) 201 residues 

MSNSFTILTV CTGNICRSPL AKQIiLEIiELP GADIIRVDSA GVQAMVDSEM PEQSLEIARK QGIENPEEHR 
AKQITEELVN QSDLIIiAMDR GHRKSIVQLS PRATRKVFTV VDIiARLIEAT TDADLQEELN LAGDSVIDRL 
HATVEAARIiS RSELNPLDNL ADEDIVDPYG KSQSVYEASA SQLIPAIRLI ASYLNKALES A 
>RXA01272-nucleotide sequence A: upstream 

TATGGCTACGGAAATTACGGCTACGGCGACACCTCCAAAATCAATGCCCCTAAGCCCGACAACACCGAACTi^ 
CACCGATGCTTCCAAGGCCAACA 

>RXAO 1272 -nucleotide sequence B: coding region 

ATGAGCAATAGCTTCACTATTCTCACTGTCTGTACTGGAAACATTTGCCGCTCCCCGTTAGCTAAGCAGCTACTTGA 

ACTTGAGCTTCCGGGGGCAGATATAATCCGCGTTGATTCCGCCGGTGTTCAGGCGATGGTTGATTCGCCTATGCCGG 

AGCAATCTTTAGAAATCGCACGTAAACAGGGCATAGAAAACCCTGAGGAGCACCGAGCTAAGCAGATT^ 

CTTGTAAACCAATCTGATCTGATTCTTGCGATGGATCGGGGGCATCGAAAATCCATTGTCCAGCTAAGCCCGCGTGC 

AACCCGTAAGGTTTTCACTGTTGTTGATCTTGCCAGGTTAATTGAGGCAACAACTGATGCTGATCTGCAGGA^ 

TCAATCTGGCAGGGGATTCCGTGATCGATAGGCTGCATGCGACAGTTGAGGCTGCTCGT 

AATCCTCTGGATAACCTCGCAGATGAAGATATTGTTGACCCGTACGGAAAGAGTCAATCGGTTTATGAGGCATCGGC 
GAGTCAGCTAATTCCAGCTATTCGTTTGATTGCTTCTTATTTGAACAAAGCACTGGAGTCTGCG 
>RXA01272-nucleotide sequence C: downstream 
TAATGGCGAGGAAGTATCGGGTG 
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Appendix A & B 

»RXA01826-amino acid sequence 
(1-1938, translated) 646 residues 

VTFVIADRYE LDAVIGSGGM SEVFAATDTL IGREVAVKML RIDLAKDPNF RERFRREAQN SGRLSHSSIV 
AVFDTGEVDK DGTSVPYIVM ERVQGRNIiRE WTEDGVFTP VEAANILIPV CEALQASHDA GIIHRDVKPA 
NIMITNTGGV KVMDFGIARA VNDSTSAMTQ TSAVIGTAQY LSPEQARGKP ADARSDIYAT GCVMYEX.VTG 
KPPFEGESPF AVAYQHVQED PTPPSDFIAD LTPTSAVNVD AWLTAMAKH PADRYQTASE MAADLGKLSR 
NAVSHAARAH VETEETPEEP ETRFSTRTST QVAPAAGVAA ASTGSGSSSR KRGSRGLTAL AlVLSIiGWG 
VAGAFTYDYF ANSSSTATSA IPNVEGLPQQ EALTELQAAG FWNIVEEAS ADVAEGLVIR ANPSVGSEIR 
QGATVTITVS TGREMINIPD VSGMTLEDAA RAI*EDVGLII< NQNVREETSD DVESGLVIDQ NPEAGQEWV 
GSSVSLTMSS GTESIRVPNL TGMNWSQAEQ NLISMGFNPT ASYUDSSEPE GEVLSVSSQG TELPKGSSIT 
VEVSNCMLIQ APDLARMSTE QAISALRAAG WTAPDQSLIV GDPIHTAALV DQNKIGFQSP TPATIiFRKDA 
QVQVRliFEFD lAALVQ 

>RXA01826-nucleotide sequence A: upstream 

CTACACCTAGGACGAGTGCTAGCGTTCCAGTTGAGACTAATGCACCGGCTGATGATTTAATCGACGCCGTAAATGGC 
CTATTGGATGTAGGAGGAGCGCA 

>RXA01826-nucleotide sequence B: coding region 

gtgaccttcgtgatcgctgatcgctatgaactggatgccgtcatcggctccggtggcatgagcgaggtgttcgcggc 

caccgacy^cgctcattggtcgggaggtcgcggtaaagatgctgcgcatcgaccttgcgaaagatcccaatttccg^ 

aacgcttccgcagggaagcccaaaactccggaaggttgagccactcttcgatcgtcgctgtttttgacaccggcgaa 

gtagacaaagacggcacctctgttccctacattgtgatggaacgcgtgcagggtcgaaacct6cgcgaagttgtcac 

cgaagacggcgtattcaccccagttgaggcagccaacatcctcatccctgtgtgtgaagcgctgcagg^ 

acgccggcattattcaccgcgatgtgaaacccgccaac:atcatgatcaccaacaccggtg<^ 

ttcggcatcgcccgcgcggtcaacgattccacctccgccatgactcaaacctccgcagtcatcggcaccgccca 

cctctcccctgagcyvggcccgcggcaaacccgccgatgcgcgttccgatatttacgccaccggctgcgtcatgta^ 

aattagtcaccggtaagccaccttttgaaggcgagtcccctttcgccgtggcctaccaacacgtccaggaagacccc 

acccctccttcggatttcatcgcggacctcaccccgacctctgctgtcaacgtggatgccgtggtactcaccgccat 

ggcaaaacaccccgccgaccgctaccaaacagcctccgaaatggccgctgacctgggccggctatcccgc^ 

tctcccatgccgcacgcgcgcatgtagaaacagaagaaaccccagaagagcccgaaactcgcttctcgac 

tccy^cccy^gtggcccccgccgcaggcgtggctgcggccy^gtacggggtcagggtcttctt^ 

cagaggcctcaccgccctggccatcgtgttatccctaggtgtcgtcggcgttgccggtgccttcacctacgactact 

ttgccaacagctcctccactgcaaccagcgcgatccccaatgtggaaggcctcccgcagcaagaa 

cttcaagcagcaggatttgttgtcaacatcgtcgaagaagccagcgccgacgtcgccgaaggcct 

aaacccaagcgttggatccgaaatccgccaaggggccaccgtcaccatcaccgtgtccaccggccgaga^ 

acatcccagacgtctccggcatgacacttgaggacgccgcccgcgccctcgaagacgttggtctcatactci^ 

aacgttcgggaagaaacctccgacgacgtcgaatctggcctcgtcatcgaccaaaaccccgaagccggccaagaagt 

agtcgtgggttcctctgtatctctaaccatgtcttcaggcaccgagagcatccgagtgcccaacctcaccggcatga 

actggtcacaagcagaacaaaacctcy^tctccatgggctttaaccccacagcttcctacttagac^ 

gaaggcgaagtcctctcagtttccagccaaggaactgaactacccaagggttcatccatcacagtggaa 

cggcatgctcatccaagcccccgatctcgcccgcatgtccaccgaacaggccatcagtgccct 

ggaccgccccagatcaatccctgatcgtcggcgaccccatccacaccgcagccctcgtggatcaaaac^^ 

ttccaatccccaacccctgcaaccctcttccgcaaagacgcccaagtgcaagtgcgactcttcgaattc^ 

tgcactcgtgcaa 

>RXA01826-nucleotide sequence C: downs tresun 
TAGCCAACAAGGAAACCGTCAAG 
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Appendix A & B 

»RXA01830-amino acid sequence 
(1-1353, translated) 451 residues 

MLKLKYAVAS DRGLVRGNNE DSAYAGPHLL ALADGMGGHA AGEIASQTMI NHIiRALDVDP GDNDMLALVG 
MVAGEANAAI AEGIAEDPAR DGMGTTLTAF MFNGRDLAMC HVGDSRGYVL RDDKLVQVTV DDTEVQSLVA 
EGKLDPEDVS THPQRSLILK AYTGHPVEPT LEQFPALPGD RLLLCSDGLS DPVTHSTIEE TVRVGTPQDA 
STKLVEIALR SGGPDNVTVI VADWEVTEA EAAAEASVPV TAGALNGEQP EDPRPDTAAG RAAAITRRAQ 
VIDPAPKISD AGTEDIPTIE EPPEKSSSKL AVLIVALVIL IGWAAGWWG YSRIDSTFYV AVNDEEAITV 
EHGVDYRIFG KDLHSQFQVA CLNEAGTLSI- KESCENGTSF KLDDLPASVR GSVAGLPSGS YDEVQAQMQR 
IiAAQALPVCV NLEVTTGGDR NEPGVNCREV S 
>RXA01830-nucleotide sequence A: upstream 

ACGGCACTTTTGTCGGTGGTACGCGCATTGATCAGCCTGAGCAGATTGCGGTGGGCACGGATATCCGTATTGGTCGT 
ACAGCAGTGAGGCTTGTTCCCTG 

>RXA01830-nucleotide sequence B: coding region 

ATGTTGAAACTTAAATATGCGGTGGCATCTGACCGAGGGTTAGTGCGCGGGAACAATGAGGATTCCGCTTACGCTG^ 

CCCGCATTTGTTGGCGCTGGCTGATGGTATGGGCGGCCATGCTGCTGGTGAGATCGCTTCCCAAACCATGATC^ 

ATTTGCGTGCGCTTGATGTTGATCCTGGTGATAACGATATGTTGGCGCTGGTGGGCATGGTGGCAGGCGAAGCCAA 

GCGGCGATTGCTGAGGGCATCGCCGAAGACCCGGCGCGCGACGGCATGGGCACTACGTTGACGGCGTTCATGTTTAA 

CGGGCGTGACCTGGCAATGTGCCACGTCGGCGATAGTCGTGGTTATGTGCTTCGCGACGATAAGTTGGTACAGGTTA 

CAGTCGACGATACTTTTGTGCAGTCGTTGGTCGCTGAGGGCAAGCTTGAXCCAGAAGATGTTTCAACTCACCCTCAG 

CGTTCTTTGATTCTGAAGGCTTACACCGGCCATCCTGTGGAGCCCACTCTGGAGCAATTCCCGGCCTTGCCTGGGGA 

TCGTTTGTTGTTGTGCTCTGATGGTCTATCAGATCCGGTTACACACTCCACGATTGAAGAAACAGTGCGTGTAGGCA 

CCCCGCAGGATGCGTCCy^CC?^GTTGGTGGAGTTGGCGCTGCGTTCTGGCGGTCCGGAC^ 

GCCGATGTTGTAGAAGTCACCGAGGCGGAAGCAGCyVGCGGAAGCATCAGTGCCTGTCACGGCTGGTGCGCTC^ 

TGAGCAGCCTGAAGATCCGCGGCCTGATACCGCTGCGGGACGCGCTGCGGCGATCACACGGCGAGCTCAAGTGATTG 

ATCCGGCACCAAAGATATCTGATGCTGGAACGGAGGATATTCCCACAATTGAGGAGCCACCAGAGAAAAGTTC^ 

AAACTTGCGGTATTGATCGTAGCCCTGGTCATCCTCATCGGTGTAGTTGCCGCAGGATGGTGGGGCTACTCCCGTAT 

TGACAGCACTTTTTACGTCGCGGTCAATGATGAGGAAGCCATCACCGTGGAACACGGTGTGGATTACCG 

GCAAGGATTTACATTCGCAATTCCAGGTGGCGTGCCTGAATGAAGCTGGCACCTTGTCACTCAAGGA^ 

AACGGTACGTCTTTCAAATTGGATGATTTACCGGCATCTGTTCGCGGTAGTGTCGCAGGATTACCGTCTGGGTCGTA 

TGACGAGGTCCAGGCGCAAATGCy^CGGCTGGCTGCTCAAGCTTTGCCAGTGTGCGTGAACTTAGAAGT^ 

GTGGCGATAGAAACGAACCCGGAGTCAATTGTAGGGAGGTCTCA 

>RXA01830-nucleotide sequence C: downstream 

TGAACACGCTTGAACGATTAAA6 
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Appendix A & B 

»RXA00786-amino acid sequence 
(1-879, translated) 293 residues 

TGKKILIiAAP RGYCAGVDRA VETVERALEE YGAPIYVRKE IVHNRYWDT LAEKGAIFVN EASEAPEC3AN 
MVFSAHGVSP MVHEEAAAKN IKAIDAACPL VTKVHKEVQR FDKQGFHILF IGHEGHEEVE GTMGHSVEKT 
HIiVDGVAGIA TLPEFLNDEP NLIWLSQTTL SVDETMEIVR ELKVKFPQLQ DPPSDDICYA TQNRQVAVKA 
lAERCEIMIV VGSRNSSNSV RLVEVAKQNG ADNAYLVDYA REIDPAWFEG VETIGISSGA SVPEILVQGV 
lERIiAEFGYD DVE 

>RXA00786-nucleotide sequence B: coding region 

ACCGGAAAGAAGATCCTGCTTGCAGCCCCTCGCGGATACTGTGCCGGCGTAGACCGTGCAGTGGAAACCGTCGAGCG 

CGCGCTCGAGGAATACGGCGCCCCAATTTATGTCCGTAAAGAAATCGTGCACAACCGTTACGTTGTGGACACCCTGG 

CAGAAAAGGGCGCGATTTTTGTCAACGAAGCATCTGAAGCACCAGAAGGTGCCAACATGGTGTTCTC^ 

GTGAGCCCAATGGTCCACGAAGAAGCTGCAGCTAAAAACATCAAGGCTATTGACGCGGCCTGC 

AGTGCACAAGGAAGTCCAGCGCTTXGATAAGCAGGGATTCCACATTCTCTTCATCGGTCACGAAGTC 

TAGAGGGCJVCCATGGGTCATTCCGTTGAGAAAACCCACCTGGTTGACGGCGTTGCTGGCATTGCCACCCTGCC^ 

TTCTTAAACGATGAACCAAACCTGATCTGGCTGTCTCAGACCACGCTTTCTGTGGACGAGACCATGGAGATCGTCCG 

CGAGCTGAAGGTGAAGTTCCCTCAGCTGCAGGATCCIACCGTCAGATGATATTTGCTACGCCACGCAGA^ 

TTGCCGTCAAGGCTATCGCTGAGCGCTGCGAGCTGATGATTGTGGTCGGTTCCCGCAACTCCTCCAACTCGGTTC^^ 

CTGGTTGAGGTCGCTAAGCAAAACGGTGCCGATAACGCCTACCTGGTGGATTACGCCCGCGAAATCGACCCAGCATG 

GTTCGAAGGCGTAGAGACCATCGGTATCTCCTCCGGCGCTTCCGTGCCTGAGATCCTCGTCCAGGGCGTCATTGAGC 

GCCTGGCTGAGTTCGGCTACGACGACGTCGAG 
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Appendix A & B 

»RXA00319-amino acid sequence 
(1-426, translated) 142 residues 

MSEVIAKAKA EEAGIiEDNVI FSSCO^GNWH VGQPADKRAL AELKSAGYNG DTHRAAQLGP EHMRADIiFVA 
liDSGHAGELA ATGVPNDKIR 3JMRSFDPESN PTDDVADPYY GTSQDFVLTR ENIEDAlyCPGL LEWVRDHIRT 
DS 

>RXA00319-nucleotide sequence A: upstream 

ACCGCAGAAGAATTAGAAAGGATCATCCATGACTGGGCCTAAAACTTCGCTACCTGTGGAAATTGTT^ 
CCGGAAACATTTGCCGATCCCCC 

>RXA00319-nucleotide sequence B: coding region 

ATGTCGGAAGTCATCGCGAAGGCAAAAGCGGAAGAAGCTGGCTTGGAAGACAACGTCATTTTCTCCTCC 

GGGCAATTGGCACGTTGGCCAACCTGCTGACAAGCGAGCTCTCGCGGAACTGAAATCAGCCGGTTACAACC^^ 

CCCACCGCGCAGCACAACTTGGTCCCGAGCACATGCGCGCAGATCTCTTCGTCGCGCTAGATTCCGGCC^ 

GAGCTCGCCGCAACGGGTGTTCCCAACGACAAAATCCGCCTCATGCGTTCCTTCGACCCAGAGTCCAACCCC^ 

CGATGTCGCAGACCCTTACTACGGCACATCCCAGGATTTCGTGCTCACCCGTGAAAACATCG^ 

GCCTTTTGGAGTGGGTCAGAGATCACATCCGCACTGATTCT 

>RXA00319-nucleotide sequence C: downstream 

TAGGTCTTTGAGCTAAAAAGTCC 



Claims 



1. An isolated nucleic acid molecule from Corynehactenum glutamicum encoding a 
metabolic pathway regulatory protein, or a portion thereof. 

2. The isolated nucleic acid molecule of claim 1 , wherein said metabolic pathway 
regulatory protein is selected from the group consisting of proteins involved in the 
regulation of metabolism of organic acids, proteinogenic and nonproteinogenic 
amino acids, purine and pyrimidine bases, nucleosides, nucleotides, lipids, saturated 

1 0 and unsaturated fatty acids, diols, carbohydrates, aromatic compounds, vitamins. 
CO factors, and enzymes. 

3. An isolated Corymhacterium glutamicum nucleic acid molecule selected from the 
group consisting of those sequences set forth in AppcndiN A. or a portion thereof. 
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An isolated nucleic acid molecule which encodes a polypeptide sequence selected 
from the group consisting of those sequences set forth in Appendix B. 

5. An isolated nucleic acid molecule which encodes a naturally occunring allelic variant 
20 of a polypeptide selected from the group of amino acid sequences consisting of those 

sequences set forth in Appendix B. 

6. An isolated nucleic acid molecule comprising a nucleotide sequence which is at least 
50% homologous to a nucleotide sequence selected from the group consisting of 

25 those sequences set forth in Appendix A. or a portion thereof. 

7. An isolated nucleic acid molecule comprising a fragment of at least 1 5 nucleotides 
of a nucleic acid comprising a nucleotide sequence selected from the group 
consisting of those sequences set forth in Appendix A. 

8. An isolated nucleic acid molecule which hybridizes to the nucleic acid molecule of 
,^ any one of claims 1 -7 under stringent conditions. 

^ 9 ' An isolated nucleic acid molecule comprising the nucleic acid molecule of any one 

35 of claims 1 -8 or a portion thereof and a nucleotide sequence encoding a heterologous 
polypeptide. 

10. A vector comprising the nucleic acid molecule of any one of claims 1 -9. 

11. The vector of claim 10. which is an expression vector. 

12. A host cell transfected with the expression vector of claim 11. 

1 3. The host cell of claim 1 2, wherein said cd 1 is a microorganism. 

14. The host cell of claim 13. wherein said cell belongs to the genus Corynebacterium 
or Brevibacterivm. 
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15. The host cell of claim 12. wherein the expression of said nucleic acid molecule 
results in the modulation in production of a fine chemical from said cell. 

16. The host cell of claim 1 5, wherein said fine chemical is selected from the group 

5 consisting of: organic acids, proteinogenic and nonproteinogenic amino acids, purine 
and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 
fatty acids, diols, carbohydrates, aromatic compounds, vitamins, cefaclors, and 
enzymes. 

10 1 7. A method of producing a polypeptide comprising culturing the host cell of claim 12 
in an appropriate culture medium to, thereby, produce the polypeptide, 

1 8. An isolated metabolic pathway regulatory polypeptide from Corynehacterium 
glucamicum, or a portion thereof. 

19 The protein of claim 18, wherein said polypeptide is selected from the group of 
metabolic pathway proteins which participate in the regulation of metabolism of 
organic acids, proteinogenic and nonproteinogenic amino acids, purine and 
pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated fatty 
acids, diols. carbohydrates, aromatic compounds, vitamins, cofadors. and enzymes. 

20. An isolated polypeptide comprising an amino acid sequence selected from the group 
consisting of those sequences set forth in Appendix B. 

25 21 . An isolated polypeptide comprising a naturally occurring allelic variant of a 

polypeptide comprising an amino acid sequence selected from the group consisting 
of those sequences set forth in Appendix or a portion thereof. 

22. The isolated polypeptide of any of claims 1 8-2L further comprising heterologous 
30 amino acid sequences. 

23. An isolated polypeptide which is encoded by a nucleic acid molecule comprising a 
nucleotide sequence which is at least 50% homologous to a nucleic acid selected 
from the group consisting of those sequences set forth in Appendix A. 

24. An isolated polypeptide comprising an amino acid sequence which is at least 50% 
homologous to an amino acid sequence selected from the group consisting of those 
sequences set forth in Appendix B. 

40 25. A method for producing a fine chemical, comprising culturing a cell containing a 
vector of claim 1 2 such that the fine chemical is produced. 

26. The method of claim 25, wherein said method further comprises the step of 
recovering the fine chemical from said culture. 

45 

27. The method of claim 25, wherein said method further comprises the step of 
transfecting said ceU with the vector of claim 1 1 to result in a cell containing said 
vector. 





28. The method of claim 25. wherein said cell belongs to the genus Coynebacterium or 
Brevibacfenum, 

29. The method of claim 25, wherein said cell is selected from the group consisting of: 
5 Coryne bacterium glutamicunt Cory ne bacterium her cults, Corynebacterium. I ilium. 

Corynebacterium acetoacidophilum. Corynebacterium acetoglutamicum, 
Corynebacterium acetophilum, Corynebacterium ammoniageries, Corynebacterium 
fufiokense, Corynebacterium nitrilophilus. Brevihactcrium ammoniageries. 
Brevi bacterium butanicum, Brevibacterium divaricatum. Brevihacierium flavum, 
10 Brevibacterium healii. Brevibacterium kctoglutamicum. Brevibacterium 

ketosoreductum, Brevibacterium lactofermentum. Brevibacterium linens. 
Brevibacterium paraffinolyticum. and those strains set forth in Tabic 3 

30. The method of claim 25, wherein expression of the nucleic acid molecule from said 
15 vector results in modulation of production of said fine chemical. 

3 1 . The method of claim 25, wherein said fine chemical is selected from the group 
consisting of: organic acids, proteinogenic and nonproteinogenic amino acids, purine 
and pyrimidine bases, nucleosides, nucleotides, lipids, saturated and unsaturated 

20 fatty acids, diols, carbohydrates, aromatic compounds, vitamins, cofactors, and 
enzymes. 

32. The method of claim 25. wherein said fine chemical is an amino acid. 

25 33. TTie method of claim 32, wherein said amino acid is drawn from the group consisting 
of: lysine, glutamate, glutamine, alanine, aspartate, glycine, serine, threonine, 
methionine, cysteine, valine, leucine, isoleucine, arginine. proline, histidine, 
tyrosine, phenylalanine, and tryptophan. 

30 34. A method for producing a fine chemical, comprising culturing a cell whose genomic 
DNA has been altered by the inclusion of a nucleic acid molcciile of any one of 
claims 1-9. 
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COJtYNEBACTERIUM GLUTAMTCUM GENES ENCODING REGULATORY 

PROTEINS 



Abstract of the Disclosure 

5 

Isolated nucleic acid molecules, designated MR nucleic acid molecules, which 
encode novel MR proteins from Coryneboctenurn glutamicurrt are described. The 
invention also provides antisense nucleic acid molecules, recombinant expression 
vectors containing MR nucleic acid molecules, and host cells into which the expression 
10 vectors have been introduced. The invention still further provides isolated MR proteins, 
mutated MR proteins, fusion proteins, antigenic peptides and methods for the 
improvement of production of a desired compound from C glutamicum based on 
genetic engineering of MR genes in this organism. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR Sn)ES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents wUl not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



